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SYMPOSIUM ON CLINICAL ADVANCES 


FOREWORD 


STUART SHELTON STEVENSON, M.D. 


The medical care of children has im- 
proved greatly since the days of William Hunter’s dictum: “There is 
nothing to be done for children when they are ill.” The physician of to- 
day needs professional literature concise enough to save reading time, 
practical enough to be a useful guide in patient care and sound enough 
to be a reliable source of knowledge. A good textbook can supply such 
a need, but most textbooks are at least a year behind current thought 
even when they are first published. Fundamental advances in pediatric 
knowledge are recorded at length and with increasing frequency in 
many journals, but the practicing physician, limited in library facilities 
and in reading hours, may have difficulty integrating and utilizing them 
to solve clinical problems. The monographs in this volume attempt to 
do this for the several areas of pediatric interest which they cover. 

The authors have tried to follow the request of the publisher, that 
they “bring to the pediatrician and to the general practitioner who is 
especially interested in the care of children, not only postgraduate ma- 
terial on fundamental procedures, but also concise, detailed expositions 
of established new methods of diagnosis and treatment, new advances 
in knowledge of the basic sciences, new drugs and new techniques.” 
The subjects were selected because they represent fields of knowledge 
which are new or which need up-to-date codification and clarification. 
Many of them concern infancy, since infants present many of the chal- 
lenging and unique problems of pediatrics. 

The table of contents reveals a potpourri of titles which concern all 
ages of childhood and many facets of pediatric care. It is hoped, how- 
ever, that they are unified by a common characteristic of presenting, 
within the limits of allotted space, some clinical advances in pediatrics 
which will prove helpful to the reader. 
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HEMOLYTIC DISEASE OF 
THE NEWBORN 


PAUL C. GAFFNEY, M.D. 


The literature dealing with hemolytic 
disease of the newborn is so voluminous that, as recently pointed out by 
Levine,'! even the experts who work with the problem have difficulty 
keeping abreast of it. Despite the quantity that has been written, how- 
ever, relatively little has dealt with predominantly clinical aspects. Even 
less has been directed at the practicing obstetrician and particularly the 
practicing pediatrician, who are vitally concerned with the most impor- 
tant aspect: the patient. 

The large medical centers have established, usually under the direc- 
tion of a specially trained transfusionist, methods of diagnosis and 
therapy which go into action as soon as the infant appears upon the 
scene. Because of these centers the immediately surrounding area re- 
ceives good coverage. The handling of the situation in many smaller 
institutions, however, stiil leaves much to be desired. This discussion is 
directed toward the pediatricians and obstetricians faced with this prob- 
lem under such circumstances. An effort has been made to present 
simply and briefly the complexities of the iso-immunization mechanism 
involved and a practical approach to its management. 


DEFINITION 


The term “erythroblastosis fetalis” is still used only because it is difh- 
cult to change the name of any disease when that name has become 
accepted, even though a more exact and informative designation be- 
comes evident as our knowledge increases. The term “hemolytic disease 
of the newborn” is preferable because it indicates the mechanism op- 

From the Department of Pediatrics, University of Pittsburgh School of Medicine, 
the Children’s Hospital of Pittsburgh and the Elizabeth Steel Magee Hospital. 
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erating to produce the variable clinical picture as well as the appearance 
of few to great numbers of nucleated red cells (“erythroblasts”) in the 
peripheral blood of the affected infant. An increased number of normo- 
blasts does not establish the diagnosis of the disease. It indicates only 
that there is so great a demand for erythrocytes that the extramedullary 
centers of blood formation are called into service. (The nucleated red 
cells which appear in the blood are not of marrow origin, but come from 
the extramedullary sites. ) ; 


PATHOGENESIS 


The basic problem in hemolytic disease of the newborn is one of iso- 
immunization (the immunization of one member of a species by cells 
from another member of the same species ). The fetal red cells, contain- 
ing an antigen not present in the maternal red cells, cross the placental 
barrier and stimulate the production of antibodies by the mother. These 
antibodies in turn cross the placental barrier into the fetal circulation 
and react with the antigen, which for the most part is fixed on or in the 
fetal red cells. Destruction of the latter results. That one cannot be 
immunized by an antigen he already possesses is a fundamental im- 
munologic principle. It applies in all cases of iso-immunization and 
explains why Rh-negative women have difficulty only with their Rh- 
positive fetuses and also why, regardless of her antibody titer, the mother 
never has any hemolysis because of it. 

The antigen involved is a hemagglutinogen, and whether it be named 
A, B, D (Rh°), C (rh’), E (rh”), c (hr’), e (hr’), Kell, Kidd, Duffy, 
Miltenberger, and so on, does not alter the mechanism involved. The 
antibodies produced are specific and will react only with the immuniz- 
ing antigen. The basic difference between the well known ABO groups 
and the other incriminated hemagglutinogens with their various names 
is that antibodies occur naturally against A and B, but not against the 
others. This explains why transfusion with incompatible A or B blood 
produces a hemolytic reaction with the first exposure. On the other 
hand, in the other groups antibodies do not exist until they are pro- 
duced by exposure to the antigen by either transfusion or pregnancy. 
Those mothers whose first pregnancies result in an infant with hemo- 
lytic disease have been immunized by a previous transfusion of blood, 
even though the transfusion may have been in the form of an intra- 
muscular injection when they were infants. 

The incidence of Rh-positive male=Rh-negative female matings in 
the white population (85 per cent Rh positive and 15 per cent Rh nega- 
tive) is one in thirteen marriages, yet the incidence of hemolytic disease 
is one in 150 to 200 births. Not all Rh-negative persons are capable of 
being immunized, and some others are not immunized even after six or 
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more pregnancies. One of our Rh-negative mothers recently was deliv- 
ered of her tenth Rh-positive infant, and he was the first one to show 
any evidence of hemolytic disease. Weiner'® postulated genetic control 
over sensitization. The tendency today is to have small families, and this 
also reduces the possible number of infants with hemolytic disease, since 
the first infant is rarely affected, and most often the second and third 
are not. When a mother has developed antibodies in sufficient amount 
to produce hemolytic disease, each succeeding Rh-positive fetus will 
have the disease, which usually is of a severer degree than in the pre- 
ceding infant. The history of the disease is one of increasing severity, 
although there are many exceptions to this, and the survival of an Rh- 
positive infant after one or more infants have died from hemolytic dis- 
ease is not rare. 


CLINICAL PICTURE AND LABORATORY FINDINGS 


The severity of hemolytic disease varies from a macerated fetus to 
anemia so mild that it is completely missed and the diagnosis, if made, 
is dependent upon a positive Coombs test. The first sibling to have 
hemolytic disease will usually be mildly affected and show slight icterus 
and/or anemia, although sometimes the first affected infant will be- 
come severely jaundiced. Almost all the manifestations of hemolytic 
disease are the result of red cell hemolysis. (The importance of tissue- 
fixed antibodies and the amounts of damage they produce are still un- 
settled questions). ‘The difference between hemolytic disease of the 
newborn and hemolytic anemias seen later in life is that of the physio- 
logic immaturity of the newborn, and especially the premature. Imma- 
turity of the liver and the central nervous system is the most important. 
Weech!’ stated that the variations in the levels of serum bilirubin in 
the umbilical cord blood reflect the degree to which hepatic maturation 
has progressed. He feels that the variations in hepatic functional matura- 
tion are so great that they overshadow the influence of the quantity of 
blood destroyed in the normal newborn. Hsia and co-workers® recently 
reported markedly elevated mechanical fragilities of red cells in new- 
borns and a correlation between these fragilities and peak bilirubin 
levels. That this is not the entire basis for hyperbilirubinemia, however, 
is indicated by certain infants with icterus gravis who have only a mild 
anemia and reticulocytosis. The bilirubin peak levels in physiologic 
jaundice vary from 0.86 to 26.2 mg. per 100 ml.; if a hemolytic process 
is added to this load, the bilirubin peak is much higher. In a great many 
instances it surpasses the 30-mg. level, above which the incidence of 
kernicterus sharply rises. 

There are not sharply defined groups into which each infant with 
hemolytic disease will fall, but there are general groups which permit 
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descriptions of degrees of severity. The most severely affected fetus is 
the macerated stillborn, who usually has edema, enlarged liver and 
spleen, marked pallor and a large boggy placenta, but does not show 
icterus. The latter is not present because the fetal liver has not been 
thrown on its own, as happens when the cord is cut, and the bilirubin 
resulting from red cell hemolysis is cleared through the placenta and 
handled by the maternal liver. The most severely affected living infant 
is the one with hydrops who shows marked pallor, edema, large liver 
and spleen and large boggy placenta. Almost all infants with severe 
edema die, but mild or localized edema is not incompatible with recov- 
ery if treatment is adequate. The edema usually disappears in two or 
three days if the infant lives. 

Pallor is frequently present at birth; any degree of icterus is extremely 
rare at this time, although it is commonly evident a few hours after 
birth. If pallor is present at birth, the spleen and liver are almost always 
unquestionably enlarged. Most of these infants will recover with prompt 
treatment. 

The sizes of the liver and spleen are related to the demand for red 
cells, which in turn is the direct result of the hemolytic rate, until the 
anemia becomes profound. Then the occurrence of cardiac failure be- 
comes a factor in hepatomegaly and splenomegaly. When the liver edge 
of the newborn is more than 3 cm. below the costal margin in the nip- 
ple line, it is enlarged; when more than the tip of the spleen is palpable, 
even with inspiration, it is enlarged. Both the liver and spleen may 
rapidly increase in size and reach the iliac crests, yet in a few cases of 
severe disease these organs may enlarge little and slowly. 

Jaundice characteristically develops early and progresses rapidly, reach- 
ing its peak in two to seven days. It is from the group of severely jaun- 
diced infants that the neurologists get their patients with kernicterus. 
Any infant who becomes jaundiced during the first thirty-six hours of 
life should be considered to have hemolytic disease until this is dis- 
proved. The cord blood of infants with hemolytic disease of a severity 
which will require vigorous therapy usually has a serum bilirubin above 
3 mg. per 100 ml. The predominant component gives an indirect van 
den Bergh reaction indicating a hemolytic origin, but the direct-reacting 
fraction is also elevated and indicates impairment of liver function. The 
cephalin flocculation test is usually negative, and the blood sugar level 
is in the normal range. 

The red blood cell count and hemoglobin level may vary from low to 
normal at birth. The total nucleated count (nucleated red cells are 
counted with white cells in the counting chamber) may not exceed the 
upper limit of normal (35,000 per c.mm.), and the number of normo- 
blasts may not be increased (normal, 200 to 1000 per c.mm.).* On the 
other hand, the total nucleated count may exceed 200,000 per c.mm., of 
which 90 per cent may be normoblasts. At times there are large numbers 
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of spherocytes in the smear; these are more numerous and constant 
in AB than in Rh hemolytic disease. 

As the result of red blood cell destruction and the response of the 
marrow and extramedullary centers, there occurs a reticulocytosis which 
at times reaches 50 per cent in contrast to the usual 2 to 6 per cent in 
the normal newborn. The reticulocyte level in the first twenty-four 
hours of life is another method of evaluating the hemolytic rate. A high 
count, however, is no more pathognomonic of hemolytic disease than 
is the high nucleated red cell count; it indicates only a response to the 
demand for erythrocytes, which is no different in this respect from the 
demand created by intracranial, intra-abdominal or umbilical blood loss. 

An infant showing these characteristics is presumed to have hemo- 
lytic disease, but none of them is diagnostic. Absolute proof is depend- 
ent upon the demonstration of antibodies attached to the infant’s red 
cells. This is done by means of the Coombs tests.’ (Detailed instruc- 
tions for the performance of this test come with each vial of serum.) 
The antibodies causing the hemolysis are globulin, and the Coombs or 
antihuman globulin serum will demonstrate their presence by causing 
agglutination of the cells under proper conditions. The Rh antibodies 
are detected by this test, but a few antibodies are not, notably anti-A 
and anti-B. The Coombs test is not specific for Rh antibodies, but for 
human globulin. In the neonatal period, however, a positive test always 
indicates iso-immunization; since about 99 per cent! of neonatal hemo- 
lytic disease is due to D (Rh°), it is a conclusive test. (It is not recom- 
mended that tests for A or B immunization be done routinely, because 
they are of little value. ) 


DIFFERENTIAL DIAGNOSIS 


There are several conditions which in the newborn period can pro- 
duce a somewhat similar clinical picture, but if adequate laboratory 
aid is available, the differential diagnosis is not usually difficult. (See 
Table 1.) 


PROGNOSIS AND COMPLICATIONS 


The mortality prior to efficient transfusion therapy was 70 to 80 per 
cent. With small transfusions given to correct anemia, it varies from 30 
to 50 per cent,!* while in series in which exchange transfusions are 
done freely it varies from 13 to 33 per cent. The variations in mortality 
figures in various reports are the result primarily of two factors: (1) 
Some series are made up of babies transferred from the hospital of birth 
to children’s hospitals, and severely ill infants die prior to transfer. 
(2) The use of exchange transfusions: The over-all mortality of non- 
edematous patients is about 25 per cent with exchange transfusion, but 
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this figure is lower when exchange transfusions are done early (imme- 
diately after birth in some cases) and when they are repeated when 
indicated. 

Infants with generalized edema are stillborn or die soon after birth. 
There is a high mortality in infants who are jaundiced immediately 
after birth. Infants who are anemic at birth, but who are not edematous 


TABLE 1. Conditions Simulating Hemolytic Disease of the Newborn 





LIVER 
AGE AT AND 
ONSET SPLEEN _ BILIRUBIN BLOOD 
Physiologic No anemia or increase in reticulo- 
icterus 1-6 days Not large Elevated cytes or normoblasts 
Congenital 
heart May be Normal 
disease Variable large unless 
physiologic Normal or polycythemia 
icterus 
Prematurity 1-3 days Not Elevated May be slight anemia 
large 
Congenital 
syphilis Variable Large Usually Usually anemic 
elevated Increase in normoblasts 
Sepsis Variable Large Usually Positive serology 
elevated Normal or anemia 
Increase in normoblasts 
Atresia of 
bile ducts 1-14 days Maybe Elevated No anemia early 
large 
Hemolytic 1-4 days Large Elevated Anemia, increase in normoblasts 
disease Positive Coombs test 
Reticulocytosis 
Generalized 
inclusion Mother usually Rh positive 
disease Ist day Large Elevated Coombs test negative 


and do not become icteric, quickly have a good prognosis if properly 
treated. 

Complications of hemolytic disease are few, but there is no worse 
complication in any disease than kernicterus; fortunately most infants 
who acquire it die within the first week of life. Kernicterus is usually 
evident by the fifth or sixth day and may be manifest by athetosis, 
muscular rigidity, opisthotonos, irregular respirations and either loss of 
Moro’s reflex or hypersensitivity to stimulation. The incidence of this 
complication varies from 10 to 15 per cent. It causes about 10 per cent 
of all cases of cerebral palsy. Hsia and others* recently reported that, 
with exchange transfusion and sometimes multiple exchange transfu- 
sions, kernicterus has not developed in over 200 cases of hemolytic dis- 
ease. Kernicterus is not confined to infants with hemolytic disease, but 
may occur in newborn infants who become severely jaundiced for other 
reasons, particularly when prematurity is also present.*° 


——— 
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The deciduous teeth are stained green in about 6 per cent of infants 
who have had hemolytic disease. This occurs in those who have had 
severe icterus. The permanent teeth are not affected because they are 
not being calcified at the time when the infant is icteric. 

Permanent hepatic damage, clinically demonstrable, is rare. ‘Tem- 
porary insufficiency, however, sometimes occurs (the “inspissated bile 
syndrome”). This is indicated by persistence of jaundice for several 
weeks to several months, elevated direct as well as indirect bilirubin 
levels and acholic stools. Almost all these infants recover. The differ- 
entiation from atresia of the bile ducts, which has been observed in in- 
fants who have had hemolytic disease, is difficult. 


TREATMENT 


Therapy consists of two important phases. 


1. Preparatory Treatment 


This should begin at the time when the expectant mother makes her 
first visit to the physician and ends only when the newborn infant is 
receiving active observation or therapy. With current knowledge of the 
mechanism involved in the production of hemolytic disease and with 
methods available to predict its occurrence, “surprises” should be un- 
usual and confined to rare (A, B, Kell, and so on) immunizations. The 
responsibility for evaluation of the antepartum patient rests of course 
with the obstetrician, and any physician who practices obstetrics should 
have the following information available: 

1. Transfusion History of the Patient. It has been estimated that a 
120 pound adult would require a total of only 0.03 to 0.07 ml. of fetal 
blood for immunization.'! The importance of a previous transfusion 
thus becomes obvious. The occurrence of hemolytic disease in the first- 
born is usually associated with a history of transfusion or intramuscular 
injection of Rh-positive blood, and four and one-half times as many 
cases’ of the disease have been reported in the offspring of transfused 
as of nontransfused mothers. 

2. Blood Type and Rh Type at the Time of the Patient's First Visit— 
Whether She Is a Primipara or Multipara. Since blood types never 
change, one determination, if accurate, suffices for all her pregnancies. 
If she is Rh negative, an indirect Coombs test and an Rh titer (saline 
and albumin or trypsin) should be performed at this time even if it is 
the first pregnancy. This information gives a base line, and data obtained 
later in pregnancy are much more informative when they are compared 
with it than when they are considered alone. For example, a patient 
who is not immunized at three months, but has antibodies at eight 
months, is carrying an Rh-positive fetus who will probably have hemo- 
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lytic disease; but if the first test is done at eight months, it is not possible 
to tell whether the antibodies were present before the current pregnancy 
or appeared during it. 

3. Since there is no therapy available for neutralizing maternal anti- 
bodies and since the pregnancy will not be interrupted at least until 
after the thirty-second week, subsequent indirect Coombs tests and 
titers should be done at seven, eight and eight and one-half months. A 
rising titer is not an absolute indication that the infant is Rh positive 
and will have hemolytic disease, but it is a warning which cannot be 
ignored. 

Many methods directed at neutralization of the maternal antibodies 
have been tried (cortisone, ACTH, blood transfusion, vaccines, methio- 
nine, vitamins and the so-called hapten), but none of these has been 
at all effective. An innocuous method of neutralizing the antibodies or 
preventing their production by the mother represents the ideal method 
of therapy, but such an answer is not yet in sight. 

4. Rh Types of Husband and Children of All Rh-negative Women. 
The typing should include D, C, E, c, e (all these antiserums are avail- 
able) so that it is possible to determine their genotypes. When the 
husband is heterogenous, one half of the children may be Rh positive 
and one half Rh negative, and the negative half will not have hemolytic 
disease regardless of the degree of previous maternal immunization. 
Furthermore, if the husband is Rh negative, all the children will be Rh 
negative, and maternal titer studies can be omitted. The Rh types of 
the children will often confirm the results of the husband's tests. 

The question of early delivery of immunized mothers, who are pre- 
sumably carrying an Rh-positive fetus, is not yet completely settled. In 
general, however, early delivery is not to be advised, because it will add 
prematurity to hemolytic disease and further decrease the infant’s 
chance of survival. In Mollison’s series'* of seventy-seven patients in 
whom labor was induced between thirty-five and twenty-one days be- 
fore the expected date of delivery, the infant mortality was 34.6 per cent, 
while in 108 patients allowed to go to term it was 24.1 per cent. It must 
be noted, however, that there were six stillbirths in the induced group, 
while there were fourteen in the spontaneous group. Our practice is to 
induce labor, in carefully selected cases, no earlier than twenty-one days 
before the expected date of delivery, and in these cases an exchange 
transfusion is started immediately after birth of the infant. ‘The indi- 
cations for induction of labor have been (a) the preceding pregnancy 
ending in hydrops, stillbirth or kernicterus; (b) a marked rise in anti- 
body titer at the seventh or eighth month. 

The pediatrician and transfusionist should be acquainted with all the 
available data and be present at delivery to evaluate the infant. 


————————— 
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2. Treatment of the Infant 

The treatment of hemolytic disease of the newborn is, in one respect, 
essentially the treatment of most hemolytic diseases: the administration 
of blood. The method of administration has been the subject of great 
discussion, but at this time few will not agree that exchange transfusion 
is the treatment of choice, except in very mild cases. Many times it is 
difficult to decide whether an exchange transfusion is indicated because 
an infant who is going to have icterus gravis and kernicterus may not 
have any jaundice or appreciable anemia in the first few hours of life. 
The most definitive, available data concerning the indications for ex- 
change transfusion are .hose of Mollison and Walker.'* They conclude 
that (1) an immature infant with a cord hemoglobin level below 15 gm. 
will most likely survive if treated by exchange transfusion, and one with 
a cord hemoglobin level below 17.5 gm. will be much less likely to have 
kernicterus if treated by this method. (It has been our recent policy 
to treat all immature infants with hemolytic disease by exchange trans- 
fusion.) (2) Mature infants with cord hemoglobin levels between 11 
and 15 gm. seemed to do as well with “early simple” transfusion as with 
exchange, but they felt that there was little doubt that exchange trans- 
fusion was superior treatment for this group. (3) Mature infants with 
cord hemoglobin levels between 15 and 17.5 gm. should be watched, 
and those who become jaundiced should receive an exchange transfu- 
sion. (4) It is always wise to do an exchange when a mother has previ- 
ously lost an infant from hemolytic disease. 

The clinical application of these conclusions is not as simple as it 
would at first seem, because all the hemoglobin determinations were 
done with the “M.R.C. photometer,” and readings were most accurate. 
In the average clinical laboratory, on the other hand, the hemoglobin 
determinations are probably done by the Sahli or Haden-Hauser 
methods or another method with a similar or smaller degree of accuracy. 
Both these methods have a usual error of + 15 to 30 per cent, al- 
though an experienced observer, using calibrated equipment, can obtain 
readings with an error of only + 5 per cent. When a cord hemoglobin 
of 14 gm. indicates that an exchange transfusion should be done and 
one of 15.5 gm. indicates conservative therapy, such a degree of error 
makes one unwilling to decide on the basis of this single factor. 

Clotted cord blood is almost always available, and from this the 
serum bilirubin level can be determined. When it is above 3 mg. per 
100 ml., exchange transfusion is indicated. Levels less than this, how- 
ever, do not prove that exchange is unnecessary, because many infants 
with low cord hemoglobin levels have bilirubin readings below 3 mg. 

Bearing in mind the foregoing data as well as the facilities available 
in the average hospital laboratory (and emphasizing that the patient 
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and not a laboratory test is to be treated), the following are reliable 
indications. for exchange transfusion: (a4) any Rh-positive infant with 
a positive Coombs test, born of a mother who has previously lost an 
infant because of hemolytic disease or has had an infant who had kern- 
icterus; (b) any immature infant with a positive Coombs test; (c) any 
infant with a positive Coombs test and a cord hemoglobin level of less 
than 14.5 gm. or a capillary hemoglobin level of less than 15.5 gm. at 
birth; (d) any infant with a cord bilirubin level above 3 mg. per 100 
ml.; (e) any infant who becomes jaundiced in the first eighteen hours 
or in whom the serum bilirubin level rises above 25 mg. per 100 ml. in 
the first forty-eight hours. 

The results obtained by using these criteria are shown in Tables 2 
and 3. 

The prognosis in hemolytic disease is most dependent upon the rate 
of hemolysis. Exchange transfusion with type-specific Rh-negative blood 


TABLE 4. Effects of Simple and Exchange Transfusions 





FACTOR INFLUENCED SIMPLE TRANSFUSION EXCHANGE TRANSFUSION 
Anemia Helps Corrects 
Cardiac failure May help by increasing O2, but Helps greatly by increasing O»2 
may increase failure by over- and decreasing circulating 
loading volume 

Hemolytic rate No apparent change Slows by removing Rh-positive 
cells and plasma antibodies 

Bilirubin Nochange Removes 85% of circulating 

Antibodies No change Removes 85% of circulating 


(type O Rh-negative blood with group-specific substance?’ added, if 
type-specific blood not available) is the best means of slowing this rate. 
(See Table 4.) 

Exchange transfusion should be performed as soon as it is determined 
that the infant qualifies for it—and within thirty-six hours of birth, al- 
though it may be carried out beyond this age with apparently some good 
effect. It is our feeling that an initial exchange must be done before 
forty-eight hours if it is to accomplish its purpose. 

Since exchange transfusion is the only available method of altering 
the serum bilirubin level, and it has become evident that it decreases 
the incidence of kernicterus, second and, at times, third exchanges may 
be performed. In general, these are done when (a) the patient is a pre- 
mature and becomes jaundiced; (b) the serum bilirubin rises to 30 mg. 
per 100 ml.; (c) there is a history of kernicterus in previous siblings; 
(d) signs suggestive of central nervous system involvement develop. 

The re-exchange transfusions may be done beyond forty-eight hours, 
but it is highly doubtful whether after this time they ameliorate any 
nervous system damage already present or prevent further damage. 
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We have followed the procedure of replacing the infant’s blood with 
two volumes of donor blood except when he is critically ill and it seems 
advisable to use a smaller amount, with repetition of the procedure 
several hours later. 


Exchange Transfusion 


Several techniques have been used successfully. Wallerstein,’® when 
he reintroduced this method of therapy in 1946, used the method de- 
scribed by Hart? twenty years earlier: withdrawal of blood from the 
longitudinal sinus vein and injection into the saphenous vein. This 
method has now been discarded because of the dangers associated with 
the use of the sinus vein. Weiner and Wexler’® instituted the method 
of removing blood by incision of the radial artery and injection into the 
saphenous vein. This method has not been generally accepted because 
it is technically more difficult than catheterization of the umbilical vein 
and requires heparization of the infant. (Severe hemolytic disease often 
has a hemorrhagic component, and I believe that heparin should be 
completely avoided.) The method in general use is the one described 
by Diamond,* which utilizes the umbilical vein. This method as we use 
it will be described in detail because it has the following advantages: 
(1) a minimum of exposure and trauma to the infant; (2) it is tech- 
nically simpler than any other method; (3) it does not require the use 
of heparin; (4) it is as efficient as any other method; (5) it can be car- 
ried out repeatedly over as long a period as there is any indication to do 
an exchange transfusion. 

The method consists in the alternate withdrawal and injection of 
blood in 10-ml. volumes through a single polyethylene tube inserted into 
the umbilical vein. 

The secret of the success of the procedure, regardless of the technique 
used, is good pediatric care, which consists essentially in (1) mainte- 
nance of body temperature so that the infant does not go into shock and 
collapse. When a two-blood-volume exchange is done, using blood taken 
from a refrigerator (40° F.), it will be almost impossible to keep the 
infant’s temperature in a safe range. The blood is allowed to come to 
room temperature when time permits. Otherwise, despite the fact that 
it is undesirable to warm blood quickly, it is placed in a water bath of 
65° F. which is brought to 95° F. over a period of ten to fifteen minutes 
by adding warm water. This warming process is no more violent than 
rapidly injecting the cold cells into the circulation, and plasma from 
blood so warmed does not show any appreciable increase in free hemo- 
globin. 

The heat source for the infant is the washable electric blanket bunt- 
ing constructed by the General Electric Corporation’® (Fig. 1). This 
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blanket heats slowly. If needed for immediate use, it is warmed by plac- 

ing a hot water bottle in it for about five minutes before the infant is ' 
inserted. When this blanket is not available, we have found two hot 
water bottles placed side by side, with the baby on top of them, to be 
almost as satisfactory if reasonable caution is exercised to prevent burn- 
ing the infant. (2) Administration of oxygen throughout the procedure; 
(3) replacement of the calcium immobilized by the excess of citrate in 
the bank blood. This is done by injecting into the polyethylene tubing 





Fig. 1. Infant in electric bunting bag ready for exchange transfusion. Nurse has oxygen, 
suction and thermometer. Cord has been cut at skin margin. 


2 cc. of 10 per cent calcium gluconate (not chloride) slowly (1 cc. per 
minute) after each 150 ml. of the exchange, or sooner if the infant be- 
comes restless. The restlessness is usually an indication of hypocalcemia; 
if it is allowed to progress, tetany may result. 

Place and Personnel. ‘The procedure is carried out in the operating 
room on the operating table, under the same conditions of preparation, 
draping, scrubbing and dress as any major surgical procedure. Three 
persons are usually needed: (1) a nurse who sits at the head of the 
table and administers oxygen by funnel, takes the infant’s temperature 
and keeps an account of each withdrawal and administration of blood; 
(2) the operator; (3) an assistant. 

Equipment. This is kept in a sterile pack in the operating room. The 
contents of this pack are shown in Figure 2. In addition to this equipment 
there will be needed oxygen, suction apparatus and a tray filled with 
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1:1000 aqueous Zephiran and containing 12-inch lengths of polyethylene 
tubing which accommodate 18- and 19-gauge needles. 

Technique. Gauze pads are placed between the infant’s legs and the 
legs wrapped with gauze bandage from hips to feet to prevent the knees 
from flexing up into the field. The arms are not restrained. The infant 
is placed in the electric blanket and the cord clamp or tie removed. 
The abdomen is prepared with Zephiran and alcohol, while the cord is 
held up by the nurse if it has been left long. The baby is then draped. 


neal ea 
ee * 
a. Vas ath ati. 






. . 
Fig. 2. Equipment used for exchange transfusion. The equipment includes the 


following: 


Umbilical clamp remover Specimen tubes 

4 towel clips 6 hand towels 
Scissors Circumcision sheet 
Blunt metal probe Drape sheet 

4+ mosquito hemostats Gauze sponges 
6—18-gauge needles Umbilical cord tape 
6—19-gauge needles 00 silk suture 
]—23-gauge needle Suture needles 
3—3-way stopcocks 15-cm. stainless steel rule 
36” length rubber tubing Scalpel 

= 


2 metal basins 


Five hundred cubic centimeters of physiologic saline solution are placed 
in one of the metal basins, and all the syringes are moistened (no 
heparin is used). The polyethylene tubing is rinsed with saline solution 
and checked to be certain that the ends are cut squarely so that per- 
foration of the vein will not occur. A needle is then placed in one end 
of the tubing and a syringe attached to it. The cord is cut squarely off 
about 1.5 cm. from the skin margin and the free end of the tubing in- 
serted into the umbilical vein, after any clot present there has been re- 
moved. The catheter is directed toward the liver without at any time 
being forced. It is inserted to the point where blood can be easily with- 
drawn (22 to 4 inches) and left there. Twenty to 30 ml. of blood are 
withdrawn from the infant and saved for any desired tests. Next, a 
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Fig. 4. 


Fig. 3. The exchange transfusion in progress. 
Fig. 4. Measurement of venous pressure. 
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3-way stopcock is attached to the needle and a syringe to the stopcock. 
The 3-feet piece of sterile rubber tubing, after having been connected 
to the bottle of blood, is attached to the side arm of the stopcock. The 
syringe is filled to exactly the 10-cc. line with blood from the bottle. 
The valve is then turned, and 0.5 to 1 ml. of blood is drawn back from 
the baby into the syringe before injection. This is to remove the air 
bubble which is present in the stopcock as a result of changing the 
syringes. ‘The syringe is held with the tip down during injection so that 
any air bubbles will rise to the top of the barrel. After 10 ml. of blood 
have been injected, withdrawal of a similar amount is started immedi- 
ately. When withdrawal is completed, the syringe is disconnected and 
exchanged for a fresh one that has been rinsed with saline (Fig. 3). 
The withdrawn blood is discarded and the syringe washed by the assis- 
tant. The needle and stopcock are changed about the time when cal- 
cium is given, or sooner if any resistance is encountered. If blood can- 
not be withdrawn, the polyethylene tube is moved slightly until a free 
flow is obtained. At times, however, only gentle traction on the cord 
stump will permit free flow, and traction must be used for each with- 
drawal. The use of a single stopcock reduces clotting. Diamond® uses 
a Toughy adapter to keep the polyethylene tube in place, but in our 
hands this has not facilitated the procedure. ‘The use of 10-cc. syringes 
keeps the procedure at a safe speed without slowing it. It also reduces 
the amount of clotting in the syringes. The venous pressure should be 
measured at the beginning and end of the procedure, by removing the 
needle from the tubing and holding the latter up against the millimeter 
tule (Fig. 4). Normal pressure is not above 6 cm. When it exceeds this, 
the baby is benefited by removal of enough blood to lower it. Sometimes, 
at the conclusion of the exchange, the baby has a deficit of 50 or 60 ml. 
of blood. 

The umbilical stump does not usually present a problem if the cord 
has been left long (2 to 4 inches). When it is sectioned, the two thick- 
walled smaller arteries and the larger thin-walled vein are identified. 
The vein, which eventually becomes the round ligament of the liver, is 
directed toward the liver, while the arteries pass toward the pelvis. 
When the cord has been clamped close to the skin, it is incised just 
proximal to the clamp marks and, if it is completely dried out, may be 
cut off flush with the skin. Rarely, it will be necessary to cut down on 
the vein at the point where the cutaneous stump becomes the abdom- 
inal wall. 

The pharynx is aspirated before starting the procedure and is re- 
aspirated as frequently as needed thereafter. Because about 15 per cent 
of these infants vomit, the nurse should be ready to aspirate at all times. 

Completing the Exchange and Postexchange Care. After the desired 
amount of blood has been injected and withdrawn and the venous pres- 
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sure checked, 2 cc. of 40 per cent calcium gluconate are given and a 
cord tie tightened around the stump as the catheter is withdrawn. A 
dry sterile dressing is applied and the infant placed immediately in an 
incubator with oxygen (3 to 4 liters per minute). When the cord has 
been cut off at the skin margin, the vein is ligated with a suture. Peni- 
cillin, 50,000 units, and streptomycin, 20 mg., are given every twelve 
hours intramuscularly for about three days (sulfadiazine, 150 mg. per 
kilogram intramuscularly, may be used in place of these drugs). Vita- 
min K, 2.5 mg., is given daily for three or four days. Feedings of glucose 
water are started at thirty-six hours, and feeding mixture is begun 
twenty-four hours later if the glucose has been well tolerated. Some of 
the more icteric infants vomit much when first fed, and gastric lavage 
with saline solution often terminates this. Serum bilirubin is determined 
twelve to eighteen hours after the exchange. If it is above 20 mg. per 
100 ml., another exchange is done. 

The respirations, cry and Moro reflex are watched carefully. The 
Moro reflex receives special attention: if it remains normal for the first 
week, the baby does not and will not have kernicterus. ‘These infants 
usually go home in six to twelve days. 

General Considerations. (1) ‘The umbilical vein-polyethylene catheter 
technique is not difficult, but anyone who is going to do it should be 
trained in its performance. 

2. The amount of blood injected is usually 500 ml. However, if the 
baby is very ill and not tolerating the procedure well, it is often wise to 
stop at about 200 ml. and do a 500-ml. exchange later. 

3. The rate of exchange should be that which the baby will tolerate 
comfortably—an hour is a minimal period of time for exchanging 
500 ml. 

4. The blood used should be type-specific Rh negative, or “O”’ nega- 
tive with group-specific substance added. The advantage of blood from 
a nonsensitized female donor, as reported by Allen and Diamond," has 
not been confirmed. 

5. The use of ACTH and cortisone has not been shown to be of 
value. 

6. The operative mortality of exchange transfusion is close to zero in 
the hands of experienced operators. 

7. In contrast to some reports, about 60 per cent of our infants have 
required usually one, but sometimes two, small transfusions before the 
end of the third month. We perform hemoglobin and red cell de- 
terminations every ten to fourteen days and allow the hemoglobin to 
drop to about 8 gm. and the red blood cell count to about 2,700,000 
before giving blood. The hemoglobin levels and red blood cell counts 
will fall until about the end of the third month, and then they will 
level off for several weeks before they begin to rise. It must be remem- 
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bered that three months is the age when the “physiologic” anemia of 
infancy is most marked, and even healthy full term infants have only 
about 4,300,000 red blood cells and 11.4 gm. of hemoglobin at this time. 


SUMMARY 


The adequate handling of the problem presented by iso-immuniza- 
tion and hemolytic disease of the newborn is dependent upon (1) de- 
termination of the prospective mother’s Rh type early in gestation (at 
the time of her first visit to the physician) and, if she is Rh negative, 
an indirect Coombs test and titer to determine whether immunization 
has occurred; (2) Rh genotype on father and on children; (3) deter- 
mination of maternal antibody titer again at seven, eight and eight and 
one-half months; (4) an immediate Rh type, Coombs test, blood cell 
count and bilirubin determination at birth of the infant and a critical 
clinical evaluation at the same time; (5) ordinarily no induction of 
labor, which adds the problem of prematurity to that of erythroblastosis; 
(6) being prepared to perform an exchange transfusion at time of 
birth; (7) a satisfactory method of exchange; (8) prevention of chilling 
and shock at time of exchange; (9) performance of second and possibly 
third exchange when indicated; (10) adequate post-transfusion pedi- 
atric care. 
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OBSTRUCTIVE LESIONS OF THE INTESTINAL 
TRACT IN THE NEWBORN 
INFANT 


BERTRAM R. GIRDANY, M.D. 


WILLIAM K. SIEBER, M.D. 


Obstructive lesions of the intestinal 
tract are important causes of neonatal morbidity and mortality. Con- 
ditions that interfere with the continuity of the bowel lumen cause 
clinical and roentgen signs that allow their accurate identification. 
Early recognition of these changes provides the surest hope for success- 
ful treatment. 

The basic principles of diagnosis and management apply in all lesions 
causing intestinal obstruction. Congenital abnormalities are often multi- 
ple. They occur frequently with maternal hydramnios, in twins and in 
association with a family history of other anomalies. 

Vomiting is the most important sign of intestinal obstruction. High 
obstruction causes early vomiting with minimal abdominal distention. 
Bile-free vomitus indicates obstruction proximal to the ampulla of 
Vater. Low obstruction causes abdominal distention and bilious vomit- 
ing which may not be immediately apparent. Peristaltic waves may be 
visible through the abdominal wall. The rectum may contain quanti- 
ties of meconium in the presence of complete obstruction. 

Abdominal palpation may reveal pyloric tumor, large fluid-filled du- 
plication, the twisted mesenteric root in volvulus of the midgut, or a 
strangulated hernia. 

Obstruction causes dilatation of proximal bowel. Swallowed air fills 
the dilated loops and affords excellent contrast medium for roentgen 
identification. Plain film examination is the single most useful clinical 
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test in the demonstration of presence and site of complete intestinal 
obstruction. 

Preoperative care and postoperative management largely determine 
the success of the surgical procedure necessary to the definitive correc- 
tion of obstruction. Preoperative gastric suction prevents aspiration of 
vomitus. Surgical treatment is delayed only until the infant is hydrated. 
Untoward delay may cause gangrene and perforation of the bowel. 

Open-drop ether provides satisfactory anesthesia. Local anesthesia 
may result in a difficult, prolonged procedure with unsatisfactory ex- 
posure. 

The fundamentals of surgical treatment include location of the cause 
and site of obstruction, assurance of the patency of the distal bowel 
and relief of obstruction by the appropriate procedure. Intestinal anas- 
tomoses remain functionally closed for four to seven days following 
surgery. 

This paper discusses the morc common lesions producing intestinal 
obstruction in the first weeks of life. These are listed in the order of 
their geographic disposition in the alimentary tract. 

1. Atresia of the esophagus 

2. Stenosis of the esophagus 

3. Vascular ring 

4. Chalasia of the esophagus 

5. Pyloric stenosis 

6. Malrotation of the midgut (volvulus and peritoneal bands) 
. Atresia and stenosis of the intestine 
8. Duplication of the intestine 
9. Meconium ileus 
10. Incarcerated hernia 
11. Intussusception 


12. Megacolon 
13. Atresia and stenosis of the anus and rectum 


ATRESIA OF THE ESOPHAGUS 


Atresia is the most important congenital malformation of the esopha- 
gus. It reflects failure of normal recanalization of the foregut. The 
intimate relationship between foregut and respiratory tract in the first 
weeks of embryonic life probably accounts for its frequent association 
with tracheo-esophageal fistula. 

There are three basic morphologic variations of esophageal atresia 
(Fig. 5): (1) Atresia of the esophagus is associated with tracheo-esoph- 
ageal fistula in 95 per cent of the cases. The blind upper end of the 
esophagus is dilated, and the lower end communicates with the trachea 
at or near the carina. The stomach and intestines contain air. Rarely 
the upper end of the esophagus enters the trachea, or both segments of 
the esophagus communicate with the trachea. 

2. Atresia of the esophagus without tracheo-esophageal fistula has an 
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incidence of less than 5 per cent. The blind upper segment is dilated, 
and there is no air within the abdomen. Complete absence of the esoph- 
agus is unusual. 

3. ‘T'racheo-esophageal fistula without associated esophageal lesion is 
uncommon. 

The clinical signs of esophageal atresia are present in the first hours 
of life. The infant shows large amounts of thick mucus in the naso- 
pharynx, and drools excessively. He regurgitates his first feedings, chokes 
and becomes cyanotic. 





Fig. 5. Schematic (lateral view) drawings showing the 3 basic morphologic varia- 
tions of esophageal atresia. The trachea lies anterior. In a there is atresia of the 
esophagus with a fistulous communication between the trachea and lower esophagus. 
This type of anomaly is most common and occurs in 95 per cent of the cases. b, Illus- 
trates atresia without tracheo-esophageal fistula. c, Shows tracheo-esophageal fistula 
without esophageal atresia. 





Fig. 6. Posteroanterior and lateral roentgenograms of the thorax illustrating the char- 
acteristic roentgenogram changes in esophageal atresia and tracheo-esophageal fistula. 
Films are of a 5 day old infant who salivated excessively and regurgitated all feedings. 
The stringy shadows of increased density in the upper portion of the right hemithorax 
reflect aspiration pneumonia. The radiopaque catheter was passed under fluoroscopic 
control and coiled on itself. The lateral film shows the dilatation of the proximal 
esophageal pouch and its impingement on the tracheal lumen. The stomach con- 
tains air. 
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A radiopaque catheter passed under fluoroscopic control meets con- 
stant obstruction at the blind end of the esophagus (Fig. 6). Opaque 
medium is not necessary in the examination. Posteroanterior and lateral 
roentgenograms of the chest and abdomen show the dilated upper 
esophageal pouch impinging on the trachea. Atelectatic and pneumonic 
changes secondary to aspiration are present in the right upper lobe. 
Gaseous distention of the bowel indicates the presence of tracheo- 
esophageal fistula. 





Fig. 7. The arrow is directed at a fistulous communication between the esophagus 
and trachea. An opaque catheter is in place in the proximal portion of the esophagus. 
The spot film was made during fluoroscopic examination of a 6 week old infant with 
a story of recurrent bouts of respiratory distress associated with feeding. Abdominal 
distention was intermittent. Surgical exploration identified the fistula at the site indi- 
cated. After surgical division of the fistula the infant made a rapid and uneventful post- 
operative recovery. 


Esophageal atresia interferes with nutrition and allows overflow of 
mucus and other secretions into the respiratory tract with resultant 
widespread pneumonia. Early detection of the lesion prevents these 
changes in the lungs and allows surgical correction before inanition 
occurs, 

Surgical treatment is indicated as soon as the diagnosis of esophageal 
atresia is confirmed. Constant suction applied to the blind upper pouch 
prevents further pulmonary complications. The surgeon identifies and 
divides the fistula, and re-establishes the continuity of the esophagus by 
direct end-to-end anastomosis of its segments. 

The esophageal repair does not become functionally patent for three 
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to seven days. Nutrition is maintained by gastrostomy feedings, and con- 
stant or regular, frequent suction is applied to the upper segment of 
esophagus. 

Complications following surgery are aspiration of mucus with re- 
sultant respiratory embarrassment, mediastinitis, recurrence of fistula, 
and esophageal stenosis. 

Tracheo-esophageal fistula without atresia is suspected in infants 
who show signs of repeated respiratory embarrassment associated with 
feeding. Air flowing from the trachea produces marked dilatation of 
the stomach and intestines. Pulmonary damage results from the reflux 
of food material from the stomach into the respiratory tract. The 
fistula is functionally closed much of the time, so that abdominal dis- 
tention and respiratory distress may be intermittent. An esophagram 
with dilute barium mixture demonstrates the fistula (Fig. 7). A tube 
passed into the stomach shows its continued filling with air under 
pressure when the infant cries or inspires vigorously. 


STENOSIS OF THE ESOPHAGUS 


Congenital stenosis of the esophagus is rare and is probably related 
to atresia in its origin. A membranous diaphragm may occlude the 
lumen of the esophagus, or there may be a long segment of narrowing. 
The esophagus proximal to the area of stenosis is dilated. 

Clinically there is difficulty in swallowing, with repeated vomiting 
and aspiration of material from the dilated upper segment. An esopha- 
gram demonstrates the lesion and confirms the diagnosis (Fig. 8). 

Repeated surgical dilatation relieves the obstruction and prevents 
accumulation of secretions in the proximal portion of the esophagus. 
Stenosis tends to recur if dilatations are discontinued. 


VASCULAR RING 


Anomalies of the aortic arch that compress the esophagus and 
trachea are not properly lesions of the gastrointestinal tract. They 
should be suspected in the presence of stridor, difficulty in feeding, 
hoarseness, and cyanosis associated with feedings. Esophagrams demon- 
strate constant compression of the esophagus and confirm the diagnosis 
of vascular ring. 


CHALASIA OF THE ESOPHAGUS (CARDIO-ESOPHAGEAL RELAXATION) 


In 1950 Berenberg and Neuhauser! described twenty-four infants 
seen over a five year period with prolonged, repeated emesis associated 
with failure of sphincter action of the diaphragmatic muscle bundles 
surrounding the lower esophagus. 
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Nonprojectile vomiting begins three to ten days after birth and 
is most pronounced with the infant recumbent. Roentgen examination 
of the upper gastrointestinal tract confirms the diagnosis. External 
pressure on the barium-filled stomach regularly produces regurgitation 
of the opaque material into the esophagus. The cardiac sphincter 
remains widely patent. Gravitational reflux of the barium mixture 
into the esophagus occurs when the infant is inverted. 





Fig. 8. Barium outlines the dilated proximal esophagus and narrow middle third of 
the esophagus in a one month old infant who was admitted with a story of difficulty 
in swallowing, excessive salivation and repeated episodes of aspiration of milk. Surgical 
dilatation relieved the obstruction and is being continued at regular intervals. 


The infant is maintained in upright position for a half hour follow- 
ing thickened feedings. These simple measures produce rapid relief 
of symptoms; complete recovery with normal fluoroscopic findings 
occurs within several weeks. 

In the authors’ experience chalasia of the esophagus is rare. Confu- 
sion between normal regurgitation into the esophagus and persistent 
relaxation of the cardiac sphincter is to be avoided. 


PYLORIC STENOSIS 

Hypertrophic pyloric stenosis is the most frequent cause of organic 
obstruction of the intestinal tract in infancy. Hypertrophy of its 
circular musculature narrows and elongates the pyloric channel. 
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The etiology of pyloric stenosis remains obscure; it is not established 
as a congenital or acquired disease. Necropsy has occasionally identified 
the typical tumor in stillborn full term and premature infants. Wall- 
gren!? demonstrated roentgenographically that the pyloric channel 
was normal in the first week of life in infants who subsequently ex- 
hibited the characteristic lesion. It occurs seven times more frequently 
in male infants than in female infants. The authors recently observed 
a family in which four consecutive male infants had pyloric stenosis 
proved at operation. 

The disease usually has its onset in the second to fifth week of life 
with regurgitation progressing to intractable postprandial, projectile, 





Fig. 9. Barium outlines the elongated, narrowed pyloric channel of a 5 week old 
male infant with a story of projectile vomiting of one week’s duration. Deep gastric 
peristaltic waves are present. The film is made with the infant in right lateral decubitus 
position. In this instance pyloric tumor had not been palpated. Pyloromyotomy re- 
sulted in prompt recovery. 
bile-free vomiting. Constipation, malnutrition and dehydration with 
hypochloremic alkalosis rapidly supervene. In long-standing cases the 
vomitus may contain blood, and convulsions secondary to hypocalcemic 
alkalosis may occur. 

The diagnosis is based on history and demonstration of the pyloric 
tumor. Gastric waves are observed after a small feeding of glucose 
water. Careful palpation of the quiet infant usually reveals an olive- 
shaped epigastric tumor. Complete aspiration of the gastric contents 
prior to palpation aids the examination. 

Barium meal is diagnostic when the tumor is not palpated. X-ray 
examination with the infant lying on his right side demonstrates the 
elongated, narrowed pyloric channel, reflecting the morbid anatomic 
changes (Fig. 9). Retention of the barium mixture is not a reliable 
sign of pyloric stenosis. The physician aspirates the gastric contents 
before and after the roentgen examination. 
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Correction of dehydration and electrolyte imbalance precedes sur- 
gery. Pyloromyotomy provides prompt relief of symptoms; it is the 
accepted method of treatment in this country. ‘The surgeon incises the 
serosa and hypertrophied muscle in its long axis along the avascular 
portion of the pylorus, and spreads the incision to expose the under- 
lying mucosa. Medical measures utilizing atropine derivatives and 
thickened feedings may provide satisfactory relief of symptoms when 
surgery is not available. In some European countries they are the 
treatment of choice. 

Parenteral feeding is maintained until the morning following opera- 
tion. The infant then receives a small amount of glucose water by 
nipple. He takes larger amounts of water and finally feeding mixture 
as he tolerates them. Elaborate feeding regimens with gradual hourly 
increments of glucose water or dilute milk feedings are not necessary. 


MALROTATION OF THE MIDGUT (VOLVULUS AND PERITONEAL BANDS) 


Obstruction associated with congenital errors in rotation of the 
midgut is the second most common cause of organic obstruction of 
the alimentary tract in early infancy. 





Fig. 10. Anteroposterior and lateral films of the abdomen of a one week old infant 
with a story of intermittent bilious vomiting and normal stools. Epigastric peristaltic 
waves were visible. The anteroposterior film shows the small-calibrated jejunal loops 
lying in the right upper quadrant of the abdomen. ‘The upper arrow is directed at the 
dilated second portion of the duodenum. On the lateral film the arrow is directed 
at the dilated, air-filled duodenal bulb. The findings are characteristic of malrotation 
of the midgut with abnormal peritoneal bands causing obstruction at the second por- 
tion of the duodenum. 


The essential aspects of embryologic development of the midgut in- 
clude the formation of a broad band of mesenteric attachment of the 
bowel to the posterior abdominal wall, and the normal disposition of 
peritoneal folds for fixation of the duodenum, cecum and ascending 
portions of the colon. Interference with orderly rotation of the bowel 
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results in failure of establishment of a broad mesenteric attachment of 
the bowel and in abnormal disposition of peritoneal bands. The duo- 
denum and the midtransverse colon remain the only portions of the 
midgut fixed to the posterior abdominal wall, so that twisting or 
volvulus is possible. Volvulus produces obstruction at the third portion 
of the duodenum, the first fixed portion of bowel. Abnorma! attach- 
ment of peritoneal folds across the duodenum between the colon and 
the gallbladder or liver results from failure of their normal fixation in 
the last stage of rotation. Such bands constrict the duodenal lumen. 

Volvulus and duodenal bands produce signs of high obstruction, 
which may be intermittent and incomplete, depending on the presence 





Fig. 11. Demonstrating the changes associated with volvulus of the midgut. The 
duodenum is dilated, and the barium column is sharply cut off at the ligament of 
lreitz. The film is of a 3 month old infant with signs of intermittent high intestinal 
obstruction since birth. 


or absence of volvulus and the degree of constriction of the duodenum 
by the peritoneal bands. Symptoms may be present in the first forty- 
eight hours of life, or may not occur for weeks, months or years. 

Plain film examination of the abdomen shows distention of the 
stomach and duodenum, with little or no air in the distal bowel. 
Barium meal demonstrates the dilated duodenum (Figs. 10 and 11). 
The small-calibered jejunum lies in the right upper quadrant of the 
abdomen. Barium enema may show abnormal position of the ascend- 
ing colon and cecum. 

Treatment. The surgeon relieves volvulus by untwisting the midgut 
about its narrow mesenteric attachment. He next divides the sheet of 
peritoneum binding the cecum to the duodenum and under surface of 
the liver, allowing the cecum and colon to lie to the left of the small 
bowel. Finally he identifies the duodenum and upper jejunum, and 
frees all adhesions. Prompt recovery with negligible mortality is usual. 
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ATRESIA AND STENOSIS OF THE INTESTINAL TRACT 


Proliferation of epithelium during the sixth week of fetal life occludes 
portions of the lumen of the alimentary tract. Vacuolization re-estab- 
lishes the lumen. Failure of recanalization causes atresia. 

A mucosal diaphragm may occlude its lumen, or the bowel may end 
blindly. There may be a fibrous band joining the blind ends of the 
gut. Incomplete recanalization produces stenosis of the bowel which 
may extend over a long area or may be represented by a mucosal dia- 
phragm with a pinpoint lumen. Atresias most frequently involve the 
distal ileum and the duodenum; they may be multiple. 





Fig. 12. Anteroposterior and lateral films of the abdomen of a 3 day old infant who 
had vomited bile from birth. The upper portion of the abdomen is distended. The 
stomach and proximal portion of the duodenum (see arrow) are distended with air. 
There is no gas in the distal bowel. The findings are pathognomonic of duodenal 
atresia. 


Atresias present clinically as complete obstructions. Roentgen exam- 
ination of the abdomen demonstrates the presence and probable site 
of obstruction. Roentgenograms are diagnostic in duodenal atresia 
(Fig. 12). 

The surgeon restores continuity of the intestine by side-to-side anas- 
tomosis. Obstruction produces dilatation and hypertrophy of the prox- 
imal intestinal segment; the distal bowel is hypoplastic and collapsed. 
The resultant inequalities pose a difficult mechanical problem in 
surgical anastomosis. 

Intestinal stenosis is a treacherous lesion. It rarely occurs alone and 
often complicates the course after operative treatment of other causes 
of obstruction such as malrotation or imperforate anus. Its presence 
distal to an area of complete obstruction can escape notice in the 
operating room, since air and sometimes fluid may pass the area of 
stenosis. The development of complete or partial obstruction following 
surgical treatment of other causes of intestinal obstruction warrants 
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consideration of stenosis. Side-to-side anastomosis corrects this ab- 
normality. 

Encirclement of the duodenum by the pancreas, “annular pancreas,” 
can cause obstruction. Clinical, roentgen and therapeutic features of 
this condition are identical with those of duodenal atresia and stenosis. 


DUPLICATION OF THE GASTROINTESTINAL TRACT 


Duplications of the intestinal tract are accessory portions of bowel 
of uncertain origin. “Duplication,” “reduplication,” “enterogenous 
cyst,” “diverticulum,” “giant diverticulum” and “atypical” Meckel’s 
diverticulum are synonyms describing the same anatomic entity. 

Duplications occur at any site in the gastrointestinal tract and lie 
along the mesenteric border of the normal bowel, sharing a common 





Fig. 13. This photograph shows a large duplication of the jejunum. Specimen was 
removed from a 4 month old infant with story of massive rectal bleeding. The blind 
end of the pouch lies proximally. The duplication lies along the mesenteric border of 
the lower bowel. 


blood supply. They may contain one or all of the layers of normal 
bowel wall. They may communicate with the lumen of the alimentary 
canal, the blind end lying proximal to the site of communication 
(Fig. 13). The mucosa often is different from that of the adjacent 
bowel and frequently contains bits of pancreatic tissue or gastric 
mucosa. 

Duplications vary in size. Rectal bleeding results from ulceration of 
the lining mucosa. Hematemesis is unusual. Duplications may cause 
obstruction by pressure from without on the bowel lumen (Fig. 14). 
They may be asymptomatic and identified as incidental findings at 
operation or necropsy. 

Accurate preoperative identification of duplication is usually not 
possible. Palpation may reveal an intra-abdominal mass. Massive rectal 
bleeding and/or intestinal obstruction occurring after the neonatal 
period warrant inclusion in the differential diagnosis. 








314 OBSTRUCTIVE LESIONS OF INTESTINAL TRACT IN NEWBORN INFANT 


Treatment of duplication is surgical. Because the lesion lies along 
the mesenteric border and shares the blood supply of the adjacent 
bowel, resection is always necessary. 





Fig. 14. This large duplication of the terminal ileum was removed from an 8 day 
old infant who presented with the signs of complete intestinal obstruction and massive 
rectal hemorrhage. A, Dilated loop of bowel with collapsed distal ileum to the right 
and inferiorly. Photograph of the opened specimen (B) shows the large fluid-filled 
intraluminal duplication along the mesenteric border of the bowel. Obstruction is 
more commonly due to external pressure. In this instance bleeding was due to pressure 
necrosis. 


MECONIUM ILEUS 


Duodenal enzymes serve to liquefy meconium. Newly born infants 
with pancreatic fibrosis lack these enzymes. Intestinal obstruction may 
occur because inspissated meconium cannot pass through the terminal 
ileum and ileocecal valve (Fig. 15). Cystic fibrosis of the pancreas is 
a familial disease. The history of fatal respiratory illness in his siblings 
suggests meconium ileus in the newly born infant with signs of low 
intestinal obstruction. 

Treatment. ‘The surgeon removes the thick, tenacious meconium 
from the distal ileum and establishes functional continuity of the 
bowel. Meconium ileus may be confused with volvulus or “micro- 
colon.” The bowel proximal to the inspissated meconium is dilated and 
elongated. Strong peristaltic waves often result in volvulus. Surgical 
relief of volvulus does not correct the basic condition. Volvulus in 
infancy that causes intestinal obstruction is associated with malrota- 
tion and produces high intestinal obstruction. 

The colon lies beyond the site of obstruction; it is small and may 
appear atretic because it ha: never functioned. The surgeon can make 
an erroneous diagnosis of primary hypoplasia of the colon or “micro- 
colon” if he fails to appreciate these facts. It is probable that “micro- 
colon” is not an entity and that reports of its occurrence reflect failure 
to identify obstruction proximal to the colon. 
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Mechanical difficulties associated with removal of abnormal me- 
conium make the immediate prognosis unfavorable. Moreover, the 
presence of meconium ileus is evidence of cystic fibrosis of the pan- 
creas and implies subsequent progressive pulmonary disease. 





Fig. 15. Anteroposterior film of the abdomen shows roentgen signs of low intestinal 
obstruction. The arrows are directed at small bits of air-containing bowel distal to 
the dilated loops. The film is of a 5 day old infant with clinical signs of low intestinal 
obstruction. A sibling died in infancy of recurrent respiratory disease. The small bits 
of air reflect admixture of air and meconium and are a helpful roentgen sign in 
meconium ileus. 


INCARCERATED HERNIA 


The pathogenesis and clinical findings in intestinal obstruction due 
to incarcerated or strangulated hernia in young infants are similar to 
those in older infants and children. Detailed discussion of this con- 
dition is not necessary here. 

The physician must consider this lesion in every infant who shows 
signs of intestinal obstruction, particularly if there has been a history 
of inguinal hernia. Physical examination discloses a hard, often ir- 
reducible, inguinal mass in addition to the other signs of obstruction. 
Strangulation of hernias at other sites is rare. Strangulation of um- 
bilical hernias probably does not occur. 


INTUSSUSCEPTION 


Intussusception, the invagination of one loop of bowel into the 
adjacent bowel, characteristically occurs in infants past three months 
of age and is rare in the neonatal period. 

When it occurs, it produces symptoms and signs similar to those in 
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older infants. Any one, all or none of the following may be present 
in the individual case: intermittent colicky abdominal pain, melena, 
intestinal obstruction, palpable intra-abdominal mass. 

Barium enema identifies or excludes with certainty intussusception 
involving the colon. A characteristic filling defect in the barium water 
column occurs due to interruption of the colonic lumen by the in- 
vaginated bowel (Fig. 16). 





Fig. 16. The roentgen signs of intussusception are reflected in the characteristic 
filling defect in the proximal transverse colon. Tdhis film was made during successful 
hydrostatic reduction of ileocecal intussusception in an older infant. 


Either surgical reduction or reduction by hydrostatic pressure is an 
effective method of treatment. The surgeon is available for consulta- 
tion in all cases; his services may be required to complete reduction 
when the hydrostatic treatment is not successful. 


CONGENITAL MEGACOLON (ACHALASIA OF THE COLON) 


Hirschsprung in 1887 described the disease that now bears his name. 
After his description attempts were made to correct this condition 
by surgery directed at the dilated portion of the bowel. It is now clear 
that dilatation of the colon is a physiologic response to obstruction. 
Ganglion cells are absent in the distal segment, so that the peristaltic 
wave does not continue as an effective propulsive force; rather, the 
whole segment contracts as a unit, with resultant obstruction. Acha- 
lasia, failure to relax, describes the distal segment. Hirschsprung’s dis- 
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ease is designated as achalasia of the rectum, sigmoid or whatever 
portion of the colon is affected. Since the dilated bowel is normal, 
treatment must be directed toward removal of the achalasic, narrow 
distal segment. 

The area of defective innervation varies in its extent and may involve 
the entire colon, the distal rectum or only the anal channel. Available 
evidence indicates that defective innervation extends from the most 
proximal site of achalasia to the anorectal junction. Only rarely is 
there an isolated area of achalasia with normal rectum distal to it. 
Deficient innervation of the bladder or ureters also occurs in some 
cases. 

Obstipation and protuberant abdomen are present at birth. Com- 
plete obstruction is uncommon in the newborn period. Growth is 





Fig. 17. Anteroposterior and lateral films of the abdomen following barium enema 
in a 5 day old infant show the classical signs of congenital megacolon. The rectum 
and distal sigmoid are narrow, and the remainder of the colon is dilated. Complete 
obstruction in this instance was present at birth. 


retarded, and nutrition is poor. Barium enema shows the narrow acha- 
lasic segment and dilatation of the proximal bowel (Fig. 17). 

In atypical cases obstipation does not begin at birth and abdominal 
distention is not marked. Barium enema shows dilated bowel with no 
area of narrowing. In these instances achalasia may be limited to the 
distal rectum and anal channel, areas not susceptible to accurate 
roentgen evaluation. 

The marked dilatation of the colon provides an extensive resorptive 
mucosal surface. Enemas carry grave danger of water intoxication. The 
use of normal saline solution is advisable. Diagnostic barium enema 
identifies the narrow achalasic segment and dilatation immediately 
proximal; it should not outline the entire colon. 

The treatment of choice of neurogenic megacolon is surgical. The 
surgeon removes the achalasic portion of bowel and anastomoses the 
dilated portion to the anus. This definitive procedure may not be prac- 
ticable in the treatment of complete obstruction in the neonatal period. 
Colostomy immediately proximal to the area of achalasia is effective. 
Definitive surgery is later undertaken as an elective procedure. 
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ATRESIA OF THE ANUS 


Anal atresia results from errors in embryologic development of the 
cloaca and cloacal membrane. The close relationship of the cloaca 
with the urogenital sinus accounts for the frequently associated genito- 
urinary abnormalities. 

There are four variants of anal atresia: (1) Anal stenosis may be 
present without complete obstruction. (2) A thin layer of tissue may 
obstruct at the anus. (3) More often a blind rectal pouch lies a vary- 
ing distance from the anal dimple. (4) There may be atresia of the 
rectum with normal anal channel. Fistulas may exist between the 
rectum and perineum, vagina, bladder or urethra. 





Fig. 18. Inverted lateral and anteroposterior films of the lower abdomen of a 2 day 
old infant with anal atresia show the small distance between the most distal loop of 
air-containing bowel and a lead marker placed over the anal dimple. 


Physical examination of the newly born infant usually identifies 
anal atresia before there are signs of low intestinal obstruction. The 
nurse may be unable to insert a rectal thermometer. Communication 
between the rectum and vagina or rectum and perineum may permit 
evacuation of meconium. 

The surgeon establishes the patency of the intestinal tract; he iden- 
tifies and corrects associated genitourinary abnormalities. He uses a 
perineal or combined abdominal-perineal approach, depending on the 
distance between the blind rectal pouch and the perineum. Roentgen 
examination of the inverted infant shows the distance between the 
most distal loop of air-containing bowel and an opaque marker placed 
over the anal dimple (Fig. 18). Poor condition of the infant may pre- 
clude definitive surgery and necessitate colostomy. 

Successful surgical treatment of anal atresia provides normal anal 
sphincter control, corrects urinary abnormalities and prevents the ob- 
structive megacolon that results from anal stricture or stenosis. 
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DISCUSSION AND SUMMARY 


1. Obstruction to the lumen of the alimentary canal may occur at 
any site from the esophagus to the anus. Characteristic clinical and 
roentgen features often permit accurate identification of its nature 
and location. 

2. Vomiting and abdominal distention are the cardinal signs of 
intestinal obstruction. Distention is absent when the obstruction is 
high. Bilious vomiting indicates obstruction distal to the ampulla of 
Vater. 

3. Roentgen examination demonstrates air-filled bowel proximal to 
the site of obstruction. Orally administered opaque mediums are not 
used in the evaluation of complete intestinal obstruction. Barium 
meal may be diagnostic in pyloric stenosis and malrotation of the 
midgut. 

4. High index of suspicion in the newborn nursery is necessary for 
early identification of obstructive lesions. 

5. Early diagnosis, adequate preoperative preparation, skilled surgery 
and close postoperative supervision are the four basic principles in the 
management of newborn infants with obstructive lesions of the gastro- 
intestinal tract. 
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NEONATAL ADRENAL 
PHYSIOLOGY 


ROBERT KLEIN, M.D. 


Knowledge of the functional capacity 
and activity of the adrenal cortices of the newborn infant has ad- 
vanced in the past half dozen years, leapfrogging from hypothetical 
suggestion to experimental fact and on again to further hypotheses. 
While this is the usual and normal development of any kind of knowl- 
edge, it is now time to review the current hypotheses and marshall 
the available facts in order to determine their clinical significance. 
This report does not purport to be a complete synopsis of the recent 
literature. 

An attempt will be made to give first a résumé of knowledge of the 
physiology of the neonatal adrenal cortex and then to consider the 
possible correlations. 


PHYSIOLOGY 


Simplicity is served by considering the adrenal cortex as consisting of 
three separate secreting parts: one secreting the hormones whose 
prototype is compound F, the second secreting androgenic hormones, 
and the third secreting hormones causing sodium retention and lead- 
ing to potassium excretion. This arbitrary division is made with the 
realization that the adrenal cortex may secrete a greater or smaller 
number of hormones, and that at times it does secrete other types of 
hormones such as estrogens. 

In the discussion of the adrenal cortex in the newborn period a fourth 
component might be considered, representing the fetal cortex. Though 
this is well known as an anatomic structure, no recent advances in the 
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knowledge of its functions have been made, and it will not be discussed 
in this paper. At present there is no evidence to suggest that it has a 
postnatal function. The reader is referred to the paper of Jones! for 
recent experimental work on the X-zone in animals and to the book by 
Smith? for a review of published hypotheses. 

Deane and Greep***.® and others have assigned anatomic loca- 
tion for the secretion of each of the three main types of hormone, 
but this anatomic correlation is not important for this discussion. 


Corticosteroids 


The ability of the adrenal of the newborn to secrete corticosteroids 
such as compound F is gradually increased after birth until the func- 


TABLE 5. Comparison of ACTH-Eosinophil Response in the Same Infants at Differ- 








ent Ages 
PATIENT INITIAL MEASUREMENT LAST MEASUREMENT 
Age Dose ) Fall | Age Dose ©. Fall 
Hrs. mg. Days mg. 
3 12 0.7 20 15 0.7 39 
2. 29 0.7 0 11 0.7 39 
Ss 29 0.7 5 8 0.7 37 
4. 16 0.7 17 8 0.7 50 
5. 14 0.7 9 9 0.7 41 
6. 50 1.0 10 9 1.0 33 
 - 33 2.0 0 7 1.0 48 
8. 48 1.0 23 9 1.0 43 
9. 26 1.0 0 8 1.0 58 
10. 77 2.0 30 9 1.0 30 
11. 29 2.0 0 9 2.0 50 
2%. 27 6.0 10 8 2.0 49 
13. 17 6.0 s 8 2.0 70 
14. 26 4.0 0 9 2.0 45 
Average 10 45 


tional capacity of the adrenal reaches a level comparable to that of the 
adult. The exact time when complete functional capacity is reached 
has not been determined. It is evident, however, that most of the in- 
crease in functional capacity occurs in the first few weeks of life. Read? 
has shown that the infant over one week of age responds to ACTH 
stimulation with a much greater output of urinary corticosteroids than 
does the infant of less than one week of age. When the eosinophil 
response to ACTH administration was used as an index of adrenal 
activity, it was shown that the adrenal had a greater ability to respond 
to ACTH after one week of postnatal life than it did before that 
time.’ Table 5 shows the difference in eosinophil fall in response to 








ROBERT KLEIN 323 


the same dose of ACTH in fourteen infants who were tested in the 
first two days of life and then after they were a week or more of age. 
This increased ability to respond was demonstrated in other newborn 
infants who were given their first dose of ACTH after one week of 
life and whose responses were compared with those of another group 
of infants tested before this age. Thus it was shown that the first 
test was not necessary to prime the adrenal cortices for the second 
test. 

Recently Bergstrand® suggested that these differences in eosinophil 
falls at different ages are due to increasing spontaneous variation with 
increasing age. ‘The average eosinophil count of normal newborn in- 
fants rises at the end of the first day and stays above the normal level 
for older children, descending to the normal range only about the 
seventh to the ninth day of life.: 1° In line with this, Venning* demon- 
strated that the excretion of corticosteroids as determined by their 
formaldehydogenic properties as well as by bioassay for glycogenetic 
ability increases from the age of two days to the age of two weeks, so 
that the amount excreted at the age of two weeks is proportionally 
equivalent to the amount excreted by adults. Zander has shown that 
in the first two days of life the excretion of 21-oxysteroids in the 
urine is relatively high. The excretion then falls off and gradually rises 
again to the normal two week level. In addition, Zander believes that 
the initial level is higher and the low point reached later in boys 
than in girls. 

Since these were all indirect measurements of adrenal function, direct 
measurements were made recently of circulating corticosteroids in 
the bloods of normal newborn infants.!* It was shown that the majority 
of seventeen newborn infants two to five days of age had no measurable 
circulating corticosteroids. The mean level was 0.93 microgram per 
100 ml. of serum with a standard error of the mean of +1.1 as com- 
pared to a mean level of 13.0 with a standard error of the mean of 
+1.21 for older infants, children and adults. Three infants, one seven, 
one thirteen and one fifteen days of age, had normal levels of 15, 10 
and 9 micrograms per 100 ml. of serum respectively. The level of 
corticosteroid in‘ cord blood approximates that of normal adults. In- 
fants in the first day of life show wide variation in blood corticos- 
teroid levels ranging from normal adult levels to no measurable corti- 
costeroids. It is felt that the hormone in cord blood represents maternal 
steroids passed transplacentally. The intermediate levels of the infant 
one day of age are determined by the rates of degradation and excre- 
tion of the hormone. Figure 19 portrays the level of corticosteroids in 
the serums of normal infants, children and adults, in the serums of 
newborn infants two to five days of age, and in cord bloods. Corticos- 
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teroid levels rise in the serum of newborn infants after operation, but 
this rise may be smaller and slower than that in older infants under 
similar stress. 

These findings back up the results of the indirect studies and make 
more certain the belief that there is a period during the first week of 
life when the infant’s adrenal cortical function is at a low ebb. This 
does not imply, however, that the adrenal cannot respond to stimula- 
tion since (a) corticosteroid excretion does increase with ACTH ad- 

















= CONTROL CORD NEWBORN 
+ 80 
+-60 , 
+ 40 
+-20 2 ? Pa 


























Fig. 19. Level of free corticoids in serums of 41 normal children and adults 3 weeks 
to 32 vears of age; 23 cord bloods from normal infants born of normal deliveries; 14 
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normal newborn infants 2—5 days of age. 


ministration as does 17-ketosteroid excretion in work to be mentioned 
in the next section; (b) a fall in circulating eosinophils may be 
observed after large enough doses of ACTH; and (c) the circulating cor- 
ticosteroids will rise after operation in the newborn period. The differ- 
ences in function are quantitative. It has been suggested that these 
are the result of inhibition of the pituitary by the excess maternal 
steroid transmitted across the placental barrier.8 After the source of 
steroid has been removed by birth, postnatal stresses stimulate the 
pituitary to secrete ACTH until the adrenal cortices become fully 
responsive. Some support of this hypothesis is furnished by the work 
of Jailer,1* who showed that newborn rat pituitaries contain little or 








ROBERT KLEIN 325 


no ACTH and that the increase in ACTH in the rat pituitary tem- 
porally corresponds to the increase in adrenal responsiveness. 


17-Ketosteroids 


The excretion of 17-ketosteroids in the urine is used as an indirect 
measurement of androgen secretion by the adrenal. Though this has 
a good deal of value, especially in children before puberty, it also has 
several difficulties. The androgenicity of the various hormonal prod- 
ucts does not vary with their ability to be measured colorimetrically 
as 17-ketosteroids. Bioassay methods are difficult and not always re- 
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Fig. 20. Plasma neutral 17-ketosteroids of normal newborn infants 1—5 days of age. 
(Courtesy of Dr. L. I. Gardner.) 


liable. Cortisone itself has androgenic properties as measured by the 
chick comb method.!* On the other hand, it has been shown that 
administered cortisone is excreted in part as 17-ketosteroid, being trans- 
formed presumably in the liver.*.1* In any event, urinary 17-ketos- 
teroid levels tend to be high for the first few days of life and then fall 
to the normal low infantile levels.1*7 These infants do excrete an 
increased amount of ketosteroids when given ACTH."* The excretion 
of 17-ketosteroids in newborns correlates well with the recent demon- 
stration by Gardner!® that newborn infants have high levels of 17- 
ketosteroids in contradistinction to the lack of measurable amounts of 
ketosteroids in the bloods of older children. Figure 20 shows the 
rapidly descending levels of plasma 17-ketosteroids in newborn infants 
during the first five days of life. 

In an important piece of work, Eagle®® recently showed that pre- 
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mature infants excrete increased amounts of hormone giving the Allen 
blue color test. This color reaction is probably produced by products 
related to corticosterone in the urine of these infants. When ACTH 
was administered to these infants, the amounts of hormone or hor- 
mones responsible for this color reaction invariably increased. 

True understanding of these recent findings awaits actual identifica- 
tion of the hormones involved. It is apparent, however, that the new- 
born infant for a few days has a higher blood level of 17-ketosteroids 
and also excretes more 17-ketosteroids than does the older infant. The 
explanation probably lies in the slow excretion of transplacentally 
passed maternal 17-ketosteroids, but it may be due to unusual rates 
or methods of transformation of corticosteroids to ketosteroids. This 
latter possibility might explain the rapid disappearance of corticos- 
teroids from the blood of newborn infants in the first day of life. Some 
unpublished work shows that the urinary 17-ketosteroids of the older 
infant and young child have slight androgenic effects and suggests 
that these may be breakdown products of corticosteroids." 

The increased excretion by premature infants of materials producing 
the Allen blue reaction may be the result of an unusual metabolism 
of corticosteroids or, following the suggestion of Lieberman,*! of 
difficulty in the formation of corticosteroids from their precursors. 
This is suggested by the larger amounts of ascorbic acid needed to 
prevent tyrosyluria in premature infants and by the fact that in older 
children and adults the administration of large doses of vitamin C con- 
sistently leads to a diminished urinary excretion of materials giving 
the Allen reaction.” 


Salt and Water Hormone 


Under ACTH stimulation the infant’s adrenal cortices secrete in- 
creased amounts of a hormone or hormones that directly, or indirectly 
through transformation products, cause an increased excretion of sodium 
in the urine.1*: 23 This peculiar reaction to stress lasts several months. 
It is not temporally related to the previously mentioned functional 
differences in the newborn’s adrenal cortices, but exists when the ex- 
cretion of corticosteroids has reached a stable amount, increasing only 
in proportion to increasing surface area. Figure 21 shows the differing 
effects of ACTH administration on sodium excretion in an infant 
nineteen days of age and one six months of age, as well as the effect of 
DOC in an infant eighteen days of age. The excretion of potassium in 
these newborn infants increases after ACTH administration. This al- 
ways accompanies increased nitrogen excretion, but is of greater mag- 
nitude than can be accounted for by the increased nitrogen excretion 
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on a 3:] ratio. The increased sodium excretion continued for nine and 
thirteen days in two infants to whom ACTH was administered for 
seven and ten days respectively. ‘The increased sodium excretion 
reached such a magnitude that there was an actual negative balance of 
this ion and a cessation of weight gain. The cessation of weight gain 
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Fig. 21. Sodium and potassium excretion in a 19 day and in a 6 month old infant 
given ACTH and in an 18 day old infant given DOC. Intake is plotted down from 
zero line; urinary excretion is shown in dark area plotted up from intake line. Result- 
ant clear spaces below zero line represent retention, and dark areas above zero line 
represent loss. Note that no allowance is made for stool or sweat loss. 


may have been in part the result of the well known growth-inhibiting 
effects of the corticosteroids. 

The administration of desoxycorticosterone acetate to newborn in- 
fants produces a normal sodium-retaining effect, as is seen in Figure 21. 
When cortisone was given to two such infants, there was no sig- 
nificant change in electrolyte excretion in one. The second infant 
showed a marked decrease in urinary output of water, sodium and 
potassium. This infant was then given ACTH and responded to it in 
the same manner as the other newborns. 
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Recently Lanman** described a premature infant who was given 
ACTH. This therapy led to an increase in sodium excretion for the 
first sixteen days of treatment only. Thereafter the sodium excretion 
was similar to or less than that in the precontrol period. 

No further light has been shed on the mechanism responsible for 
the sodium diuresis in the newborn period or in the analogous situa- 
tion of children with adrenal hyperplasia. There are three main pos- 
sibilities which should be mentioned, but need not be analyzed here. 
First, the cortex of the newborn may secrete abnormal hormones 
leading to sodium excretion. Secondly, the hormones produced may be 
normal, but secreted in such proportions that the net effect is a 
sodium loss such as occurs when cortisone is administered to a patient 
with Addison’s disease which has been controlled with DOC. Lastly, 
the adrenal cortex may secrete normal hormones which are metabolized 
in an unusual fashion to materials producing a sodium diuresis. 


SUMMARY OF PHYSIOLOGIC INFORMATION 


The adrenal cortex of the newborn infant does not achieve full 
capacity to respond to ACTH or stress by secreting more corticos- 
teroids for one to two weeks after birth. For the first part of this 
period the blood level of corticosteroids is low or nil. In addition, the 
basal output of these hormones is low. This is a quantitative change 
only, and even in this period the adrenal cortex can respond to ACTH. 
After this period the response of the infantile adrenal cortex in this 
regard is relatively as good as or better than that of the adult. 

The lack of ability of the adrenal cortex to respond well to stimula- 
tion by producing corticosteroids in increased amounts is most likely 
the result of lack of previous stimulation by endogenous ACTH, which 
in turn is the result of inhibition of the pituitary by the maternal 
corticosteroid hormone circulating in the fetal blood stream. 

The excretion of 17-ketosteroids is high in the first few days of life 
and then falls to the low levels seen in later infancy. The blood level 
of 17-ketosteroids is high in the newborn period, after which these 
materials disappear from the blood and are not again found in measur- 
able amounts till puberty. Premature infants excrete an increased 
amount of corticosterone products giving the Allen blue test. It has 
been speculated that this is the result of a metabolic error related to 
ascorbic acid requirements. 

At least one to two months are required before stimulation of the 
adrenal cortex of the infant will lead to sodium retention. Adrenal 
cortical stimulation of the newborn infant before this time produces 
a loss of sodium of considerable magnitude. 
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CLINICAL CORRELATIONS 


There is no evidence at present that the demonstrable lowered 
adrenal responsiveness in the first week of life ever has positive thera- 
peutic implications. 

It seems reasonable that neonatal hypoglycemia is a result of adrenal 
hypofunction, as has been suggested many times, but this condition 
requires no treatment. It is also likely that the edema of newborn pre- 
mature infants and subsequent diuresis described by Smith?® are as- 
sociated in turn with excess maternal cortical hormones circulating in 
the infant and the subsequent relatively deficient amounts of corti- 
costeroids in the blood, owing to the lack of secretion of such hormones 
by the infant’s own adrenal cortices. In any event, therapy should be 
aimed at not overloading the newly born infant with fluids when he 
is in the edematous phase and at not letting him become dehydrated 
in the phase of diuresis. These goals were apparent before any detailed 
knowledge of adrenal function existed and have not been changed 
in any way by preliminary knowledge now becoming available. There 
is no need for the administration of adrenal hormones or their ana- 
logs to prevent the loss of fluid in the normal premature infant after 
birth. 


Transient Hypofunction of the Normal Adrenal 


Jaudon** suggested in 1946 that there was a clinical entity marked 
by transient adrenal hypofunction in the newborn period. This clinical 
impression has not been verified or confirmed to date, but it has stimu- 
lated much of the aforementioned experimental work. Others have 
speculated upon the possible clinical implications of adrenal hypo- 
function in the newborn, but with no convincing evidence. Gross?* 
states that “unless the adrenal glands are damaged by hemorrhage 
their function is usually sufficient to meet most stresses of neonatal 
life. In rare instances, however, as a result of chronic infection and 
repeated surgery poor adrenal response has been observed as indicated 
by high eosinophil counts. Under such circumstances the administration 
of ACTH, Cortisone or adrenal cortical extract has appeared to pro- 
duce clinical improvement.” Under these circumstances the validity 
of using high eosinophil counts to indicate poor adrenal response 
must be suspect. The dangers of using clinical improvement after the 
administration of adrenal hormones as a measure of previous adrenal 
function are apparent. 

It is tempting to combine the suggestions from these clinical im- 
pressions and the old dictum re-emphasized by Arnheim?’ that infants 
in the first forty-eight hours of life withstand major surgical procedures 
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better than they do a week or so later, with the experimental evidence 
of lowered adrenal cortical function and to conclude that infants 
undergoing surgery in the latter half of the first week of life and 
newborn infants who are doing poorly with infection or other stress 
should be given adrenal cortical hormones. Although this is an attrac- 
tive supposition, there has been no valid demonstration of the clinical 
need for or usefulness of the administration of adrenal cortical hor- 
mones in this situation. A well controlled clinical study of this prob- 
lem would be of great value, since the experimental results show only 
a quantitative change, and it has been demonstrated that the adrenal 
cortex of the newborn infant can respond to stimulation when such 
stimulation is in adequate amount. On the other hand, it must be 
borne in mind that there is a serious danger in this period of life, 
particularly among premature infants, that the administration of excess 
adrenal cortical hormone will lower the body defenses against infection. 
Infants given cortisone or ACTH for a prolonged period for the treat- 
ment of retrolental fibroplasia showed an alarming mortality rate, in 
spite of the use of antibiotics, which was thought to be the result 
of infection.*® This danger might be minimized by limiting the time 
during which the adrenal hormones are administered. The well known 
growth-limiting effect of adrenal steroids is dramatically evident in 
very young infants.*° 

At the moment an informed guess would be that there probably are 
infants within the outermost limits of the range of normal adrenal 
hypofunction who should be given adrenal hormone when they are 
under stress, but that such instances are rare. 

The finding that newborns excrete excess sodium when given ACTH 
is at present almost entirely of academic interest. Without entering 
into the classic argument of whether the newborn’s kidney functions 
as well as that of the older child, it is obvious that he excretes an 
absolute amount of sodium that is small when given a sodium load, 
be this proportional to his metabolic rate or to his surface area. Hence 
the amount of sodium lost by the premature or newborn infant under- 
going stress must be the resultant of low normal rates of excretion and 
of the effect of ACTH. Therefore, under such conditions the amounts 
of saline solution to be administered must be determined by the 
individual infant’s actual loss; in general, unless balance data are 
obtainable, the infant should be given only small amounts of sa- 
line solution until serum sodium values begin to decline. There is 
no way to determine a priori that an individual infant will excrete 
significantly increased amounts of sodium. It is clear, however, that 
if an effort should be made to increase the amount of circulating 
adrenal hormone in the newborn period, ACTH should not be 
used. 
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Persistent Hypofunction of the Abnormal Adrenal Gland 


The problems arising from abnormal adrenal cortices are of more 
frequent importance clinically. These abnormal adrenal cortices fall 
into three main categories: adrenal hyperplasia, adrenal destruction 
from hemorrhage, and adrenal hypoplasia or aplasia. 


Adrenal Hyperplasia 


The most important clinical adrenal problem in the newborn period 
is the Addisonian crisis occurring in infants with congenital adrenal 
hyperplasia. ‘The diagnosis must be suspected in patients who evi- 
dence more dehydration than the amount of diarrhea or vomiting 
they have would lead one to expect. The symptoms may vary from the 
extremely severe to the mildest form in which the child just “does 
not do well,” being listless and failing to gain in spite of good fluid 
intake. ‘he diagnosis is made easy in females by the constant finding 
of pseudohermaphrodism. Unfortunately, there are no physical changes 
in males in this age period. ‘The bone age, initially, is usually retarded 
rather than advanced and is of no diagnostic help. In females the find- 
ing of a low serum sodium and high potassium nearly clinches the diag- 
nosis. However, we recently observed a newborn infant with a urogenital 
sinus who had a serum sodium of 120 and a potassium of 9.1 milli- 
equivalents per liter as the result of congenital malformation of the 
urinary tract with pyelonephritis leading to salt wasting. ‘The clitoris 
of this infant was not typical of that found in congenital adrenal 
hyperplasia. The diagnosis is finally proved in females and made in 
males by the finding of increased ketosteroid excretion in the urine 
and increased ketosteroid levels in the serum. 

Kelley*! has suggested that these children have low levels of com- 
pound F in the serum, and in general this appears to be so. However, 
there are individual cases with normal serum compound F levels.’ 
In addition, the serum compound F rises in some children with this 
disease after the administration of ACTH, although Kelley has shown 
that many of these children do not respond in this manner to ACTH. 
Further discussion of this syndrome is beyond the scope of this 
article, and the reader is referred to the writings of Wilkins and co- 
workers.**: 33.34 Jf signs of adrenal failure do occur in the newborn 
period, the diagnosis of congenital adrenal hyperplasia with Addisonian 
symptoms or mixed adrenal disease is statistically the most likely 
diagnosis. 


Adrenal Hemorrhage; Adrenal Hypoplasia or Aplasia 


Newborn adrenal hypofunction has been reported many times as the 
result of neonatal adrenal hemorrhage. Many of these adrenal hemor- 
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thages were the result of hemorrhagic disease of the newborn and 
constituted only one site of involvement. Whether the adrenal hemor- 
thages were the cause of death it is impossible to decide. Many such 
case reports were of unilateral adrenal hemorrhage or petechial hemor- 
thages in the adrenals. The significance here is also hard to determine. 
In any event, it seems likely that some of these infants suffered from 
adrenal failure. Emery and Zachary** cite a patient of Zuelzer’s who 
died at eight days, both adrenals having been destroyed by hemorrhage. 
It was believed that the hemorrhage had occurred at birth and that 
the infant had lived eight days without adrenals. Gross** says that 
adrenal damage from hemorrhage is common in the newborn period. 
Potter,*® however, says that this accident is uncommon. Geppert* 
mentions that he saw only one such instance in 10,000 births. Ex- 
perience at this Hospital confirms the rarity of such accidents at 
present. It is possible that less severe hemorrhages permit survival, but 
lead to fibrosis and disappearance of the adrenal later in life. Moore 
and Cermak*! described one child who died of Addison’s disease who 
had large cysts occupying most of the adrenal cortical tissue. The 
authors suggested that these cysts were the result of old hemorrhage. 
Emery and Zachary** reported two similar patients, one of whom died 
of hemorrhage. Potter*® suggests that neonatal hemorrhage in the 
adrenals causes the calcification seen frequently in this region in healthy 
persons. The young children with this sort of calcification in the 
adrenal region of nontuberculous origin seen by the present author 
were asymptomatic. Adrenal hemorrhage may have produced the 
fibrosis of the adrenals in the case of adrenal insufficiency in the new- 
born reported by Geppert, or this may have been the first reported case 
of congenital adrenal hypoplasia, as the author suggested. Complete 
absence of the adrenal has occurred with other anomalies in stillbirths. 
When adrenal insufficiency is diagnosed in these uncommon conditions 
of hemorrhagic destruction and possible aplasia, it is treated with 
replacement therapy regardless of the exact etiology. 


SUMMARY OF CLINICAL CORRELATIONS 


There are three possible situations requiring adrenal cortical hor- 
mone therapy in the newborn period. The first and most common is 
mixed adrenal disease. This is a definite indication for therapy. The 
second is in the rare case of adrenal destruction from hemorrhage or 
possibly aplasia. This too is an absolute indication for such therapy. 
This therapy must be lifelong, as must be the treatment of congenital 
adrenal hyperplasia in our present state of knowledge. Lastly, the most 
extreme form of postnatal adrenal hypofunction at times of surgical or 
other stress may possibly require hormonal therapy. Demonstration of 
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is need awaits careful clinical investigation. This is the area in our 


knowledge of neonatal adrenal function that most urgently requires 
study. 


The author is much indebted to Constantine Papadatos, M.D., James Fortunato, 


M.S., and Camilla Byers, B.S., for the work reported in this article from his own 
laboratory. 
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THE TREATMENT OF DIARRHEA 
IN INFANCY 


HAROLD E. HARRISON, M.D. 


Diiarthea is not a disease, but a symp- 
tom. Nevertheless it is logical to discuss the treatment of diarrhea as an 
entity, since an important and certainly the most difficult part of 
treatment is the symptomatic therapy, i.e., the correction of the physio- 
logic disturbances produced by losses of water and ions in the watery 
stools and by lack of absorption of essential nutrients. 


ANTIBACTERIAL THERAPY IN DIARRHEAL DISEASE 


The etiology of diarrhea in infancy is frequently difficult to deter- 
mine. In infants under one year of age with diarrheal disease organ- 
isms of the Shigella and Salmonella groups are isolated from the stools 
in only a minority of the cases, except in areas where Shigella infec- 
tions are epidemic. Other organisms such as Aerobacter aerogenes, 
Proteus morganii, Pseudomonas aeruginosa, Paracolon bacilli and patho- 
genic strains of E. coli have been thought to be causative agents of 
diarrhea in young infants. Evidence has also been obtained to support 
the possibility that filtrable viruses may produce diarrheal disease in 
infants.* The role of infections outside the intestinal tract was perhaps 
overemphasized in the past, but these may be associated with diarrhea. 

Despite the uncertainty as to the etiologic agent in many cases of 
infantile diarrhea, a wide variety of chemotherapeutic agents have been 
tried. These include agents which are not absorbed to any great extent 
when given orally, such as the poorly absorbed sulfonamide derivatives, 
and such antibiotics as streptomycin, polymyxin, neomycin and baci- 
tracin, which produce their effect on the bacteria within the lumen of 
the intestinal tract or on the mucosal surface. Agents which circulate 
in the body fluids, such as sulfadiazine, parenteral streptomycin, peni- 
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cillin, Aureomycin, chloramphenicol, Terramycin and polymyxin, have 
also been used. 

It is difficult to evaluate these drugs in the treatment of diarrheal 
disease, since the symptoms are often self-limited and success or fail- 
ure is determined chiefly by measures used for physiologic support of 
the patient. We have tended in the past two years to treat severely 
ill infants with diarrhea with one of the “broad-spectrum” antibiotics: 
Terramycin, Aureomycin or chloramphenicol. The usual dosage is 25 
to 50 mg. per kilogram per day; if Terramycin is used, the initial dose 
is frequently given intravenously or subcutaneously along with the 
fluid therapy, and subsequent doses can be taken orally. In the few 
instances of Ps. aeruginosa infections which have occurred in new- 
born or premature infants, polymyxin has been given orally, 25 mg. 
per kilogram per day, and parenterally, 2.5 mg. per kilogram per day. 
We have not seen any renal injury in infants given this parenteral 
dosage. 


TREATMENT OF THE PHYSIOLOGIC DISTURBANCES OF DIARRHEAL DISEASE 


Diarrheal disease results in impairment of absorption of water and 
solutes from the intestinal tract. In the early stages infants with diar- 
thea may maintain their water, electrolyte and nutritive balance as 
long as they can continue to take in enough water and food. How- 
ever, in severe diarrheal disease refusal of feedings and vomiting usu- 
ally supervene, and it is at this stage that rapid depletion of body 
water and ions occurs due to continued loss of gastrointestinal secre- 
tions without replacement. Superimposed are also the effects of starva- 
tion, infection and fever causing depletion of liver glycogen, ketosis 
and breakdown of cell protein. The ions lost in the stools include 
sodium and chloride from the extracellular fluids, and potassium, 
magnesium, phosphate and calcium from cells and bone. Since 
chronically malnourished infants are most prone to diarrhea, the 
acute disturbances are often superimposed upon pre-existing nutri- 
tional deficiencies. 

Therapy is focused initially upon replacement of the losses of water 
and the extracellular ions, sodium and chloride, since depletion of 
extracellular fluid volume and distortion of the ionic structure of 
extracellular fluids are the main causes of the acute manifestations of 
dehydration. Loss of interstitial fluid and of plasma volume leads to 
impairment of circulation, diminution of renal blood flow and oliguria. 
The reduction of renal function as dehydration progresses results in 
failure of the mechanisms which preserve the ionic composition of 
the body fluids as well as in retention of products of cell breakdown. 
One of the usual findings is a metabolic acidosis due to relatively 
greater loss of sodium than of chloride from the extracellular fluid. 
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The losses of sodium and water may be disproportionate, so that the 
concentration of sodium in serum may be increased or decreased. 
These disturbances of the composition of the body fluids result in 
alterations of the function of cells which may affect cardiac muscle, 
central nervous system or renal tubules. 

The assessment of the severity of dehydration depends as much on 
clinical as on laboratory observations. Loss of weight, loss of skin 
elasticity, sunken eyes, and oliguria are signs of depletion of inter- 
stitial fluid and plasma volume. As plasma volume loss, hemoconcen- 
tration and perhaps myocardial disturbances become more marked, 
circulatory insufficiency develops and the extremities become cold 
and ashen, the heart rate is rapid, and the peripheral pulse feeble. 
The infant is restless and irritable, but with progression of circulatory 
collapse becomes comatose, pallid or cyanotic; the heart rate may be- 
come slow and irregular in the terminal state. 

In the laboratory, hemoconcentration may be measured by the ele- 
vation of hemoglobin concentration, hematocrit and serum protein 
levels. The decrease of serum carbon dioxide content, elevation of 
blood urea nitrogen or nonprotein nitrogen, and decrease or increase 
of serum sodium concentrations indicate the degree of failure of the 
renal mechanisms for preserving the normal composition of body 
fluids. None of these determinations can be used alone as an index of 
the severity of the dehydration. If anemia or low levels of serum pro- 
teins were present before onset of the dehydration, the levels of hemo- 
globin and protein in the dehydrated state may not be high in abso- 
lute terms, although increased over the predehydration levels. The 
degree of the metabolic acidosis as measured by the serum carbon 
dioxide content does not necessarily correlate with the severity of the 
state of dehydration, although values of carbon dioxide content below 
10 milliequivalents per liter are of serious import. 

The concentration of serum sodium may be of importance as a 
guide to treatment, since in some patients water loss may be great in 
proportion to sodium loss, causing an increased concentration of 
sodium in extracellular body fluids. Such patients require less sodium 
replacement in their therapy than patients with more marked sodium 
depletion. The sum of the serum carbon dioxide content and the 
serum chloride can be used as a guide to the serum sodium level if 
both are measured in milliequivalents per liter. If this sum is greater 
than 135 milliequivalents per liter, the serum sodium level must be 
increased. 





9 i J %, " . 
Serum 2 vol. 7 = Serum HCOz m.Eq./liter 
2.3 


Serum Cl as mg. % NaCl 


585 = Serum Cl m Eq, /liter 
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Principles of Treatment 

Our plan of treatment of diarrheal disease follows in principle the 
comprehensive and systematic plan outlined by Powers> many years 
ago with modifications suggested by the increased knowledge of elec- 
trolyte balance in diarrheal disease developed by Darrow,? Butler and 
Talbot' and Gamble.* Improved techniques of fluid administration 
have also increased efficiency and ease of treatment. ‘he basic prin- 
ciples are “the administration of fluids, the transfusion of blood, the 
withholding of food for a period of time, and the administration 
of food at the end of starvation in gradually increasing amounts.”® A 
period of withholding of food lessens the volume of diarrheal stools 
and also the abdominal distention often present in the infant with 
severe diarrhea, and is usually necessary in these infants because of 
their anorexia and vomiting. 

When milk feedings are resumed, the feeding should at first be 
only a fraction of the usual intake and gradually increased over a 
period of several days. The nature of the feedings does not seem im- 
portant as long as it is a food suitable for young infants. We have 
used both low fat milk preparations and evaporated whole milk with- 
out obvious differences in the response of the infants. In a few in- 
stances we have found that infants did not seem to tolerate milk 
after a bout of diarrhea, and efforts to resume milk feedings resulted 
in relapses of diarrhea. In several such infants a nonmilk feeding 
preparation, such as Nutramigen, in which the protein needs are 
supplied by amino acids, seemed to be better tolerated than milk. In 
our experience it has been possible to reintroduce milk either gradu- 
ally or abruptly four to five days after the infant has been receiving 
his full calorie requirements. There is therefore no reason to believe 
that these infants are sensitized to milk protein. 

The fluid replacement may be conveniently divided into two 
phases: The first emergency phase consists in measures which will in- 
crease circulating blood volume and interstitial fluid, replace depleted 
glycogen stores, and provide sufficient water so that circulation, renal 
blood flow and urine output will be quickly improved. Plasma and 
whole blood are valuable adjuncts to therapy, since restoration of the 
circulation is more rapidly effected by infusion of blood or plasma 
than by sodium chloride and glucose solutions alone. The second 
phase is the maintenance regimen designed to supply water and elec- 
trolytes in amounts needed to maintain balance despite continued 
losses in the stools until the diarrhea subsides. The emergency treat- 
ment must be given parenterally by intravenous or subcutaneous 
routes and is accomplished during the first twelve hours or so. The 
maintenance treatment can usually be given orally in the form of a 
solution of carbohydrate and sodium and potassium salts. 
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Table 6 lists the commonly used solutions for parenteral injection. 

Table 7 gives the composition of electrolyte carbohydrate prepara- 
tions which have been given orally for maintenance treatment. 

A variety of programs of treatment based on the same fundamental 
principles can be used with satisfactory results, but for purposes of 


rABLE 6. Composition of Solutions for Parenteral Administration 
Sodium- and chloride-containing solutions for emergency phase of treatment 


SOLUTION Na Cl K 
mEq./LITER 





0.85°% Sodium chloride 145 145 0 
M/6 Sodium lactate 167 0 0 

. 1 part M/6 sodium lactate 
Lactato-csline { 2 parts 0.85% sodium chloride 152 97 0 

{1 part M/6 sodium lactate 


1, 2, 3 Solution / 2 parts 0.85% sodium chloride 
{ 3 parts 5% glucose in water 76 49 
Lactate-Ringer 131 107 


(Hartmann) 


~ Oo 





Solutions containing potassium in addition to sodium and chloride for prolonged 
parenteral therapy 
SOLUTION Na Cl K 
mEq./LITER 





Darrow’s solution 122 104 35 
Lactate-saline-potassium 52 44 20 
1 part M/6 sodium lactate 

1 part 0.85% sodium chloride 

1 part 5% glucose in water 

3 parts 0.3% potassium chloride in 
glucose solution 


TABLE 7. Oral Electrolyte Carbohydrate Mixtures 


Na Cl K 
mEq./LITER 





. Sodium chloride 2 gm. 
Potassium chloride 1.5 gm. 
Molar sodium lactate 30 cc. 
Glucose 33 gm. 
Water to 1000 cc. 64 54 20 


a” Sodium citrate 50 gm. 
Sodium chloride 10 gm. 
Sodium biphosphate 25 gm. 
Potassium chloride 25 gm. 
Glucose or Dextri-Maltose 890 gm. 
60 gm. of this powder are 
made up to 1000 cc. with 
water 50 30 20 
* We are indebted to Mead Johnson Company for help in making up preparations 
of this type. This solution also supplies phosphate, 10 M. or 310 mg. per liter, and is 
now used routinely in the treatment of infants with diarrhea rather than solution I. 
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simplification the following section will be confined chiefly to the de- 
tailed plan of therapy in use on the Pediatric Service of the Baltimore 
City Hospital which has given satisfactory results in the treatment of 
several hundred infants with diarrheal disease. 


Specific Plan of Therapy 


Emergency Treatment. The basic program is as follows: 


no dc ac eiey eee dualeearelnan I.V. 20 cc./kg. body weight 
Pe I aa et wa dink eam malt IV. 20 cc./kg. body weight 
Lactate-saline-glucose (1,2,3, solution) subcutaneously or I.V. 80 cc./kg. body weight 


If peripheral circulation improves rapidly after infusion of 10 per 
cent glucose in water and the infant seems more alert, the plasma or 
blood may be omitted and the 1,2,3 solution given. When whole 
blood is given, the glucose solution is flushed out of the infusion set 
with saline or lactate-saline before the blood is added. This program 
is useful in the large group of infants in whom water deficit and 
sodium depletion are roughly in the proportions in which they are 
present in extracellular fluid, and provides enough sodium and chlo- 
ride to replace most of the extracellular deficit. When the laboratory 
data cannot be obtained rapidly, and the clinical appraisal does not 
suggest unusual sodium depletion or disproportionate water deficit, 
this program of therapy is the one of choice. Although techniques 
and apparatus for slow intravenous infusion of fluids have been im- 
proved and can be used with less difficulty than formerly, subcutane- 
ous injection of solutions by gravity drip when practical is still simpler. 
If the circulation has been improved by intravenous infusion of glu- 
cose solution and, if necessary, plasma or blood, the subcutaneously 
administered solutions of the type suggested will be satisfactorily ab- 
sorbed. Glucose solutions in water without sodium salts should not be 
given subcutaneously to dehydrated infants. If treatment is to be 
given by continuous intravenous drip, the lactate-saline-glucose (1,2,3) 
solution can be started immediately rather than the 10 per cent glu- 
cose in water. 

No specific treatment for the metabolic acidosis is used in this 
regimen. If the extracellular fluid volume is expanded by a solution 
such as the lactate-saline or 1,2,3 solutions which contain sodium in 
excess of chloride, and the total water intake is adequate so that di- 
uresis occurs, the acidosis will gradually be corrected. In some clinics 
a priming dose of sodium lactate or bicarbonate is given, followed 
by a solution of half 0.85 per cent saline and half glucose in water. 
Although large amounts of sodium bicarbonate or sodium lactate solu- 
tion given initially will raise the serum carbon dioxide content more 
rapidly than the treatment just outlined, there is no evidence that 
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this is advantageous, whereas excessive alkali administration can be 
harmful. Instead of the 1,2,3 solution a prepared solution such as 
lactate-Ringer diluted with 5 per cent glucose in water can be used. 
The amount of potassium in this solution is small and can be given 
in the early phase of treatment, although not adequate for potassium 
replacement by itself in patients with potassium deficiency. 

If the infant has an extreme degree of sodium depletion as indi- 
cated by clinical evidences of marked loss of interstitial fluid and 
circulatory collapse, and if serum analyses show reduction of con- 
centration of sodium (or carbon dioxide plus chloride), lactate-saline 
solution is used instead of the 1,2,3 solution in the same volume. This 
can be given by continuous intravenous drip at a rate of 0.5 to 1 cc. 
per minute or by subcutaneous drip over a period of six to eight hours. 
Slow subcutaneous administration is satisfactory in most infants, since 
the circulatory state can usually be rapidly improved by the initial 
intravenous infusion of 10 per cent glucose solution and plasma or 
blood. 

Maintenance Treatment. About twelve hours after admission the 
emergency treatment is completed and the infant should be consider- 
ably improved as evidenced by good peripheral circulation, more nor- 
mal tissue turgor, increased reactivity and alertness, and frequent 
voiding of urine. The stools may still be watery and frequent, but the 
infant is often thirsty and can now take fluids orally in adequate 
amounts without vomiting. In most instances at this stage the main- 
tenance water, electrolyte and carbohydrate requirements can be given 
by mouth in the form of an electrolyte-carbohydrate solution such as 
the ones listed in Table 7. These solutions contain potassium as well 
as sodium and chloride, since it has been shown repeatedly that potas- 
sium deficiency can result from prolonged diarrhea if potassium is 
not given, because of losses of potassium in stool and urine.? There 
is ordinarily no urgency about the administration of potassium, and 
it can well wait until this phase of treatment. The maintenance solu- 
tion is given in amounts of about 150 cc. per kilogram per day, di- 
vided into portions given every three or four hours. This provides 
about 3 milliequivalents of potassium per kilogram per day, which is 
sufficient to prevent progressive potassium deficiency even though a 
considerable fraction of the intake is lost in the diarrheal stools. The 
sodium intake is also high enough so that sodium deficits will ordi- 
narily not occur despite sodium loss in the voluminous stools. 

Although, as mentioned before, early resumption of milk feedings 
may cause an exacerbation of diarrhea which causes negative water 
and sodium balances, unless parenteral fluids are given in addition, 
administration of the oral electrolyte solution does not appear to ex- 
acerbate or prolong the diarrhea, and most patients can be kept in 
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water and electrolyte balance on such a regimen. Solutions contain- 
ing phosphate or, in addition, magnesium and calcium have also been 
tried, since losses of these ions occur in the watery stools, but no evi- 
dence that addition of these ions increases the efficacy of treatment 
has been obtained. 

During the first twenty-four hours of treatment the total water in- 
take is about 200 cc. per kilogram, of which about 120 cc. are given 
parenterally and about 80 cc. orally. The sodium intake is equivalent 
to the content of about 60 to 80 cc. per kilogram of extracellular fluid, 
if the program initially outlined is used. Larger amounts of sodium 
salts can be given, but are usually not necessary, and in some infants 
administration of such large amounts of sodium salts can be harmful, 
resulting in prolonged increases of the concentrations of chloride and 
of sodium in serum. 

The maintenance oral solution can be continued for several days. 
Usually small amounts of milk feedings are started by the third day 
of treatment and increased gradually as tolerated until maintenance 
calories are provided. As milk feedings are increased, the oral electro- 
lyte solution is decreased and then discontinued when fluid require- 
ments are met by milk and water intake. During this period of gradual 
increase of feedings, whole blood transfusions may be required in 
severely malnourished or anemic infants in order to hasten recovery. 
Occasionally, additional subcutaneous injections of 1,2,3 solution have 
been needed to supplement the oral fluid. 

Daily weighing of the infant on this regimen helps in evaluation of 
the water balance. The initial treatment should cause an increase of 
8 to 10 per cent of the admission weight of the severely dehydrated 
infant. Progressive weight gain of more than 10 to 15 per cent of the 
initial weight after the first twenty-four or forty-eight hours indicates 
excessive water retention due to overloading with sodium. Sharp 
weight loss indicates body water depletion and inadequate sodium 
intake. In addition to the weight of the patient, the excretion of 
copious amounts of urine is an index of adequate water intake. Finally, 
serum analyses should show a return of blood urea nitrogen, serum 
carbon dioxide content, chloride and sodium levels to normal. 

During the past six years this relatively simple program of main- 
tenance therapy has proved satisfactory for the majority of infants 
with diarrheal disease treated at the Baltimore City Hospital. In some 
infants continued parenteral therapy is necessary for several days. 
This group includes infants with pneumonia or septicemia who are 
too sick to take oral feedings, infants with severe stomatitis due to 
Candida albicans or other causes, and prematurely born infants. In 
the absence of such complications few infants have failed to take the 
oral electrolyte-carbohydrate mixture in adequate amounts. If pro- 
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longed parenteral fluid therapy is necessary, the fluids are usually given 
by continuous intravenous infusion and a solution such as Darrow’s 
solution mixed with one or two parts of glucose in water, or the potas- 
sium, lactate, saline, glucose mixture in Table 6 has been given. These 
solutions are given slowly so that the total twenty-four hour require- 
ment of about 150 cc. per kilogram is given over a period of twelve 
to twenty-four hours. At this rate the concentration of potassium in 
these solutions can be tolerated without danger of potassium excess. 
Vitamin K, vitamin B complex and ascorbic acid are frequently given 
parenterally to these severely ill infants along with whole blood trans- 
fusions. 

A special group of infants has required modification of the usual 
schedule of treatment. In these infants the losses of water are dispro- 
portionately great in comparison with sodium deficit, and the serum 
sodium concentrations are markedly elevated. This state, which has 
been termed hyperosmolarity, is seen in infants who have refused to 
take water for several days and who often have high fever. Immaturity 
of renal function as in the prematurely born infant may play a role. 
Central nervous system manifestations are commonly seen in this 
group, namely, meningismus, spasticity, stupor, muscle twitchings and 
convulsions. The cerebrospinal fluid frequently contains increased 
amounts of protein. Urine output is scant, and anuria may develop. 
The skin and subcutaneous tissues at times have a firm, resistant, 
“velvety” texture. Treatment is modified so that more glucose in 
water and less sodium-containing solutions are given than in the usual 
patient. Some sodium salts should be given despite the high serum 
sodium on admission, because the extracellular fluid volume and total 
extracellular sodium are usually reduced despite the high serum so- 
dium levels. Hypocalcemia may develop in these infants during the 
period of rehydration, necessitating intravenous injection of calcium 
gluconate solutions. Evidences of potassium deficiency are often strik- 
ing in this group of patients, and potassium should be included in the 
parenteral or oral solution as soon as urine output is established. 

Finally, diarrheal disease, particularly in the well nourished infant, 
may often be readily treated in the early stages by withholding of 
milk feedings and substitution of an electrolyte-carbohydrate mixture. 
Parenteral fluid therapy may not be necessary in such infants, and 
hospitalization is avoided. The use of colloidal water-binding agents 
such as pectins, cellulose derivatives and kaolin has been advocated 
in the treatment of this stage of diarrhea. These substances are some- 
times combined with sulfonamide derivatives of the poorly absorbable 
type. Some of these preparations also contain sodium and potassium 
saits, so that they provide a source of these ions. We have not used 
these agents in acute diarrhea, since in the milder diarrheas the oral 
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electrolyte-carbohydrate mixture alone has given satisfactory results. 
In severe diarrheal diseases the emphasis must be on proper parenteral 
replacement of water and electrolyte losses. 


ILLUSTRATIVE CASE HISTORIES 


The following brief case reports are specific examples of the methods 
of treating the diarrheal diseases discussed and illustrate certain of the 
complications and special problems which may arise. Although the 
majority of infants with diarrhea can be treated with a fairly standard- 
ized regimen, the importance of recognizing the unusual problem 
which requires addition to, or modification of, the treatment program 
is evident from the cases cited. 


Case |: Severe Acidosis and Circulatory Collapse with Rapid Response fo 
Therapy 


R.M., age 3 months, was a prematurely born infant who weighed 1500 gm. at birth. 
Ten days prior to the onset of her illness she weighed 3000 gm. She had had diarrhea 
for 5 days and vomited all feedings for 12 hours before admission. 

On admission she was severely dehydrated and in circulatory collapse. She weighed 
2500 gm. 


Laboratory Findings 








DAY SERUM BLOOD 
co, Cl Na K | Urea N 
a ae _ Santina a 
mEq. /liter mg./100 cc. 
0 6.5 111 138 4.1 | 86 
4 7 117 148 4.7 13 
5 18.3 117 — — 12 


Treatment and Course. The infant was given 50 cc. of 10 per cent glucose and 50 


cc. of plasma intravenously, followed by 120 cc. of lactate-saline and 80 cc. of 1,2,3 
solution subcutaneously. After about 12 hours of treatment she was given a blood 
transfusion and started on oral electrolyte-carbohydrate mixture. Her weight was 2710 
gm. on the day after admission. Milk feedings were started 72 hours after admission, 
and by the end of the week she was on full feedings. 


Comment. Because the loss of extracellular fluid seemed unusually 
great, this patient was given more sodium and chloride than ordinarily. 
Her circulation responded rapidly to glucose and plasma intravenously, 
and the severe acidosis was gradually corrected. Renal function was 
quickly restored, as shown by the rapid drop of the blood urea nitrogen 
level. 


Case Il: Diarrhea and Septicemia in Young Infant Who Had Had Several Relapses 
of Diarrhea 


A.K., age 7 weeks, had been treated for about 4 weeks because of recurrent mild 
diarrhea. The diarrhea lessened when he was taken off milk feedings and given electro- 
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lyte-carbohydrate solution orally, but recurred when feedings were resumed. Three 
days before admission the diarrhea became severe, and he began to vomit feedings. His 
weight dropped from 3230 to 2980 gm. 

On admission he was a malnourished, markedly dehydrated infant who seemed on 
the verge of shock. 


Laboratory Findings 








DAY SERUM HGB. WEIGHT 
CO, Cl Na K Urea N 
mEq. /liter mg./100 cc. gm./100 cc. gm. 
0 0.4 115 138 3.8 83 12 2980 
2 19.0 103 147 4.8 19 3260 


Blood Culture- —Aerobacter aerogenes. 


Treatment and Course. Sixty cubic centimeters of 10 per cent glucose in water and 
60 cc. of plasma were given intravenously and 200 cc. of lactate-saline solution sub- 
cutaneously. Because the infant seemed so ill, an intravenous drip of 100 cc. of 1,2,3 
solution and 150 cc. of 5 per cent glucose in water was run in and oral fluids not begun 
until 24 hours after start of treatment. Terramycin was given initially intravenously 
and then continued orally, 50 mg. every 8 hours. At the end of 24 hours he was 
started on electrolyte-carbohydrate mixture, 480 cc. per day, which was taken well. 
Milk feedings were begun on the third day, and he recovered without relapse. 


Comment. A seriously ill infant with positive blood culture was 
given parenteral fluid for twenty-four hours and then started on oral 
electrolyte mixture with satisfactory recovery. Rapid improvement of 
kidney function was shown by drop of blood urea nitrogen from 83 to 19 
mg. per 100 ml. in forty-eight hours. 


Case Ill: Diarrhea in Severely Malnourished Infant with Iron Deficiency Anemia 


R.C., age 11 months, had a poor diet, and he had been given little but milk and 
cereal, with no vitamin supplements. Diarrhea began 6 days before admission, and 2 
days later the infant started vomiting. He became lethargic and was finally brought to 
the hospital. 

On admission he was severely undernourished, pale and dehydrated. His abdomen 
was markedly distended. 


Laboratory Findings 














DAY SERUM BLOOD HGB. wT. 
cO, Cl Na K | UreaN | | 

m. Eq. /liter mg./100 cc. | gm./100 cc. gm. 

0 18.9 101 138 3.2 76 6 6140 

2 27.3 105 149 3.0 19 6800 





Stool cultures—no pathogens. 
Throat culture—D. pneumoniae. 


Treatment and Course. One hundred and thirty cubic centimeters of 10 per cent 
glucose in water intravenously, whole blood transfusion, 95 cc., and lactate-saline solu- 
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tion, 350 cc. subcutaneously, were given. About 8 hours after admission the child was 
started on oral electrolyte-carbohydrate solution, 180 cc. every 4 hours. ‘This was taken 
well, and feedings were begun 72 hours after admission. He gained weight rapidly 
while in the hospital. 


Comment. This was a case of diarrhea complicating severe under- 
nutrition and iron deficiency anemia. Initial blood urea nitrogen was 
high. Response to treatment, including early transfusion, was rapid. 


Case IV: Hyperosmolarity with Edema and Hypocalcemia during Treatment 


J.W., a prematurely born infant, age 9 months, had had 2 previous episodes of 
diarrhea. Fever and vomiting started 4 days before admission. He took little food or 
water until admission. Diarrhea became marked on the day before admission. 

On admission his temperature was 102° F.; he was apathetic and breathing rapidly, 
but was not thought to be markedly dehydrated. 


Laboratory Findings 








DAY SERUM BLOOD HGB. 
co, Cl Na K Ca P Urea N 
mEq./liter mg./100 cc. | gm./100 cc. 
0 10.2 141 180 6.0 78 | 11.5 
2 8.9 132 180 5.4 70 8.0 
3 10.6 114 152 3.5 aed 3.0 | 44 
7 19.9 108 145 7.4 3.6 | 17 10.0 


Treatment and Course. The nature of the problem was not recognized at first. The 
infant was tried on oral fluids, which were taken poorly. He became stuporous, and 
his respirations continued to be rapid. At this time the serum analyses were available 
and the diagnosis of water deficit and hyperosmolarity made. Ten per cent glucose in 
water was given by continuous intravenous drip at a rate of about 0.5 cc. per minute 
for 2 days. At this time he seemed edematous, although his weight had only increased 
from 6070 to 6380 gm. He was given a transfusion and started on oral fluids, since he 
had become more alert. Milk feedings were begun, and he progressively improved. No 
signs of tetany occurred, and he was discharged at the end of 2 weeks without apparent 
sequelae. 

Comment. This case of severe water deficit and hyperosmolarity re- 
sulted from lack of water intake in an infant with fever and some 
diarrhea. The chief manifestations were stupor and hyperpnea. Treat- 
ment was inadequate at first, and he rapidly became worse. He re- 
sponded to the administration of water and glucose solution intra- 
venously. Although he became edematous and hypocaicemia de- 
veloped, he did not have signs of tetany and recovered without 
complications. Laboratory aid is of importance in the handling of this 


problem. 


Case V: Water Deficit and Hyperosmolarity Complicated by Convulsions 
following Excessively Rapid Infusion of Glucose in Water 


P.S., a prematurely born infant, age 7 weeks, was discharged from the nursery about 
one month before the present admission. Four days before admission she had signs of 
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an upper respiratory infection and began having watery stools. She became irritable 
and began to vomit feedings. She took neither milk nor water for about 2 days before 
admission, and diarrhea continued. 

On admission the infant was markedly dehydrated and alternately hyperirritable 
and drowsy. Her weight was 2450 gm. 


Laboratory Findings 

















DAY SERUM BLOOD HGB. 
co. «a Na K Ca UreaN | 
mEq./liter mg./100 cc. | mg./100 cc. | gm./100 cc. 
0 0 158 172 6.8 — | -— 10.0 
2 12.1 111 136 5.8 8.2 66 8.5 
4 20.2 103 - _— — | 31 12.0 


Treatment and Course. The history and clinical picture were consistent with the 
diagnosis of hyperosmolarity, which was confirmed by serum analysis. During the first 
12 hours the infant received 300 cc. of 10 per cent glucose in water by intravenous 
drip, followed by 150 cc. of 1,2,3 solution subcutaneously. At this time she had a con- 
vulsive seizure which ceased after 14 cc. of 10 per cent calcium gluconate had been 
given slowly intravenously. She was continued on parenteral fluids in the form of potas- 
sium-lactate-saline mixture for about 48 hours and then started on oral fluids. Several 
small blood transfusions were also given. Milk feedings were begun after 5 days, and 
improvement was progressive thereafter. She was discharged in good condition. 


Comment. The tetany may well have been precipitated in this in- 
fant by too rapid dilution of the body fluids. Even though the serum 
sodium is high, as in this infant, there may be an over-all sodium de- 
ficit due to reduction of extracellular fluid volume. 


Case VI: Harmful Effects of Giving Water without Sodium Salts to a Dehydrated 
Infant 


G.H., age 11 months, had diarrhea for about 6 days and then began to refuse and 
to vomit feedings. After a total of 9 days of illness he was admitted to a hospital in 
another city. There he was given glucose in water subcutaneously and intravenously 
as the sole fluid therapy. About 24 hours later he began to have severe convulsive 
seizures uncontrolled by phenobarbital and was then transferred to the Baltimore City 
Hospital. 

On admission he was cyanotic, convulsing continuously, but not in circulatory 
failure. 


Laboratory Findings 


DAY SERUM HCT. 





Co, Cl Na K Ca P Urea N 








mEq. /liter mg./100 cc. 
0 18.6 80 113 3.0 _ _— 41 50 
2 32.8 90 137 2.7 8.7 3.7 13 _ 
5 26.8 101 137 5.0 — — 20 34 


Treatment and Course. Because of the history of administration of glucose in water 
without sodium salts, water intoxication was suspected, which was borne out by the 
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low concentration of sodium in the serum. The infant weighed 9 kilograms and was 
given 1300 cc. of lactate-saline solution and 500 cc. of 1,2,3 solution by continuous 
intravenous drip over a period of 24 hours. He improved rapidly, and at the end of 24 
hours the drip was stopped and electrolyte-carbohydrate mixture was given orally. 
This was taken well, and evaporated milk feedings were begun on the fourth day. 
The infant recovered rapidly without apparent sequelae. 


Comment. This was an unusual problem. Water intoxication was 
produced by parenteral administration of water without sodium salts 
to a dehydrated infant with depletion of body sodium. Recovery was 
rapid when sodium salts were given. A temporary phase of potassium 
depletion manifested by hypochloremic alkalosis and low serum potas- 
sium levels occurred during recovery. This responded satisfactorily to 
orally administered potassium, and parenteral administration of po- 
tassium was not necessary. 
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A disciple of Mary Baker Eddy would 
be among the few to disagree with the axiom that active and passive 
immunization has been established in a secure place in the battle of 
communicable disease prevention and modification. However, as these 
procedures have developed, it has not always been easy to evaluate their 
effectiveness. Among the reasons are (1) the paucity of carefully con- 
trolled field trials; (2) the great variation in antigenic potency of differ- 
ent lots of materials and in the manner in which they were used; (3) 
the difficulty in sorting out those who were inadequately immunized 
or who had lost their immunity; (4) the simultaneous operation of 
other factors known to reduce the opportunity of exposure, i.e., the 
tremendous improvement in environmental sanitation. 

Prior to and during the use of active immunization there also was a 
waxing and waning in the incidence of certain communicable diseases 
which could not be definitely correlated with any specific change in 
the etiologic agent, the population or the environment of either. Diph- 
theria is an excellent example. If the declining incidence in the last 
decades was due to a lessened virulence of the organism, one would 
still expect to find just as many Schick-negative adults, since unrecog- 
nized infections also produce a rise in circulating antitoxin. This was 
clearly not the case in Sweden, where only approximately 10 per cent 
of the population is now Schick-negative. Vahlquist™® pointed out that 
in the pandemic of the 1940’s the incidence of the disease rose in 
Sweden, but to a considerably lesser degree than in adjoining Finland 
and Norway. He postulated that the reason might have been conditions 
in the mucosa of the individual unfavorable for the growth of Coryne- 
bacterium diphtheriae. 

The necessity of maintaining a vigilant watch on the changing micro- 
biological world around us can also be illustrated with diphtheria. The 
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marked decrease in the incidence of diphtheria carriers, simultaneous 
with the lowered incidence of diphtheria, has almost certainly resulted 
in many fewer recurrent subclinical infections which were clearly re- 
lated to the maintenance of immunity in the past. In many countries, 
however, the decline in incidence of Schick-negative adults has not 
been of the same magnitude. Barr and Glenny* have pointed out that 
in the past it is likely that most Schick-negative persons had antitoxin 
levels considerably above the 0.03 antitoxic unit per milliliter of serum 
that was then accepted as a protective level. Also it is well established 
now that most persons with levels as low as 0.004 antitoxic unit per 
milliliter of serum will be Schick-negative. These observations point 
to the fact that though there is still a sizable incidence of Schick-nega- 
tive persons, the population, including many Schick-negative persons, 
has become highly susceptible to diphtheria as judged by their anti 
toxin levels. Supportive evidence is found in the reports of many cases 
of diphtheria in Schick-negative people.*®: ** 

It is the purpose of this paper critically to review the present status 
of immunization procedures. We believe that this is a dynamic subject 
—one which needs to be constantly re-examined and brought up to date. 
On the basis of this review and the ever-changing picture of com- 
municable disease control, we desire to propose for pediatricians and 
general practitioners a practical program of using the antigens, vaccines 
and biologics commercially available, either singly or in combination. 


SMALLPOX 


Inoculation with cowpox virus was the first successful immunizing 
procedure and continues to be the most effective. Successful vaccina- 
tion every five years protects the great majority;°* the cases that do 
occur are almost invariably mild.?* Inoculated nonimmune persons 
show no reaction or acquire “vaccinia.” This reaction, a pustule with 
surrounding induration and erythema, reaches its peak between the 
eighth and fourteenth days. Reinoculation of persons who have good 
protection as the result of immunization results in the “immune re- 
action,” a papule or vesicle, occasionally with an areola, within the first 
seventy-two hours. Now even primary inoculation also produces a bac- 
terial type of sensitivity, so that upon reinoculation with inactivated 
virus a reaction occurs that is identical with an “immune reaction.” A 
group of students* previously vaccinated showed such a reaction re- 
inoculation with inactivated virus and no rise in antibodies; upon inocu- 
lation with live virus, 43 per cent had vaccinoid reactions and 4 per 
cent vaccinia. Thus one can be certain that an immune reaction repre- 
sents a successful boosting stimulus only if the virus is kept alive by 
storing the vaccine at subfreezing temperatures constantly and by dis- 
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posing of vaccines on their expiration date. An outbreak of smallpox in 
U.S. troops"! was thought to be due to just such misinterpreted reactions 
after using improperly refrigerated vaccine. 

Technique is of the utmost importance. Benenson® states that his 
experience has led him to the belief that “no take” is almost always 
due to technical failure. Support of this is seen in Dixon’s report** of 
an epidemic of smallpox during which a number of cases occurred in 
persons recently vaccinated many times with “no take.” Benenson also 
reported that nine students of a group with “immune reaction” had 
vaccinoid reactions when reinoculated shortly thereafter. Marsden*® 
noted the same sequence of events. They attributed this to poor tech- 
nique, the result of using active virus in persons with low immunity. 


DIPHTHERIA 


Although, surprisingly enough, no adequately controlled field studies 
have ever been done, the bulk of evidence?® seems to justify the con- 
clusion that a fair degree of morbidity is prevented by proper im- 
munization and that the mortality is low in those cases that do occur. 
Diphtheria is prevented if an adequate level of circulating antitoxin is 
present (although some exceptions have been reported). 

The increasing percentage of cases in adults is most likely due to 
the decrease in repeated subclinical infections and the increase in the 
incidence of immunized children. This points clearly to the great need 
of establishing good basic immunity and boosting it periodically. 
Otherwise a population will emerge that will be highly susceptible, as 
regards antitoxin, to a future pandemic. 

Although few studies done on active immunization are exactly com- 
parable, certain conclusions appear reasonable. Higher levels of anti- 
toxin and a longer duration of a given level of antitoxin are achieved 
in basic immunization by (1) using a toxoid of high antigenicity;?? #6 
(2) spacing injections at least four to six weeks apart;’® 75.41 (3) ad- 
ministering three injections;?* ®. 8° (4) using alum-precipitated or 
adsorbed toxoid.*": *?: 8°. 81 There is evidence that the addition of per- 
tussis vaccine enhances the response to diphtheria toxoid. !*8° (5) 
Not initiating injections when large amounts of diphtheria antitoxin 
have been given recently. The blocking effect of 500 antitoxic units 
is minimal, but is somewhat more when 5000 antitoxic units are 
given.*> (6) Initiating the series after transplacentally transmitted 
(passive) antitoxin has reached a low level. In the great majority of 
infants this will have occurred by three months of age.? With a potent 
antigen this blocking effect can be partially overcome, and the response 
to a booster injection a year later is almost as good as in an older 
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The level of antitoxin that will protect the great majority of persons 
is said to be 0.03 antitoxic unit. There is no proof of this, but a level 
of 0.03 to 0.1 antitoxic unit will probably protect most. In subjects 
known to have been Schick-negative who acquire diphtheria later on 
the antitoxin level rose rapidly to high levels.2* This apparently ac- 
counts for the low mortality in cases occurring in the face of previous 
immunization. The duration of a given level of antitoxin after im- 
munization has been difficult to interpret because of the occurrence of 
subclinical infections acting as booster doses. If the foregoing condi- 
tions are utilized in immunization, there will be good immunity for a 
year®*: 96, 8° and probably fair immunity for a considerable number of 
years. There is some evidence that immunity is better and longer lasting 
after a booster injection, particularly if the basic series is given when 
passive immunity might be present.??: ®° On exposure to the disease a 
booster should always be given; the antitoxin response is rapid.** 

Immunization in adults results in a fairly high number of severe local 
and systemic reactions, particularly in Schick-negative persons. Boosters 
in high school students result in a high percentage of reactions, but 
not of a sufficient degree to necessitate screening by Schick testing. 
James*® demonstrated this clearly in 625 students, using 0.1 cc. and 
0.5 cc. of either fluid or alum-precipitated (regular and purified) toxoid. 
Only fifteen missed a day or two of school as a result. Reactions with 
the purified toxoid were much less; this parallels the results in young 
adults.*7 


TETANUS 
Active Immunization 


That active immunization is effective seems clear from the experience 
in World War II among immunized U.S.** and British"! personnel 
and the nonimmunized Japanese forces** and from the comparison of 
immunized and nonimmunized German troops.” The greatest protec- 
tion was afforded in immunized soldiers,®4 who usually received a 
booster injection at the time of injury (six cases in approximately 
2,000,000 wounds); basic immunization had been performed in this 
group within three to four years, and many had had a booster injec- 
tion. Approximately 50 per cent of cases” in civilian practice arise from 
such insignificant wounds that protection would not be requested 
ordinarily. Furthermore, 50 to 70 per cent of all cases of tetanus occur 
in the pediatric age group. These seem adequate reasons for the routine 
use of tetanus toxoid. 

There is no evidence that previously immunized human beings develop 
antitoxin in response to tetanus infection,’® 17 3* also, second attacks 
have been reported." These two observations indicate that in half of the 
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cases prevention can be obtained only by maintaining an adequate protec- 
tive level of antitoxin. It has been shown in guinea pigs'® that actively 
induced immunity (antitoxin titers of 0.01 antitoxic unit) affords tenfold 
greater protection than that passively given. The protective level pro- 
duced actively in human beings is thought, without proof, to be 0.01 to 
0.1 antitoxic unit. 

Initial higher and longer lasting levels of antitoxin are achieved by 
using a highly antigenic?? 5% ° alum-precipitated or aluminum hy- 
droxide adsorbed toxoid?! 2: 47 at least four weeks apart. If only two 
injections are given, the interval should be increased to six to twelve 
weeks.7! Newborns rarely derive passive immunity from the mother. 
Good levels are achieved in the newborn period, but better ones after 
one month of age.® The initial injection of toxoid is completely blocked 
by 100,000 antitoxic units given simultaneously,!* and even 500 units of 
antitoxin interfere to some extent.! Therefore the initial tetanus toxoid 
should not be started simultaneously with a large injection of antitoxin. 
The double and triple alum-precipitated and aluminum hydroxide ad- 
sorbed toxoids are as effective as the single alum-precipitated product. 

Long-term studies are few and too inadequate to draw definite conclu- 
sions as to the absolute duration of antitoxin titers above certain levels. 
The evidence indicates that the great majority will maintain levels that 
will not fall below 0.01 antitoxic unit for many yeras*: 58: 61, 71, 88 
or below 0.1 antitoxic unit for one year,” 2% 58. 61.69 though with the 
proper use of a potent antigen this period may last much longer.*® 
Immunized children and adults have been given single booster injec- 
tions up to nine years later.? Almost invariably they have shown a rise 
in titer to at least 0.1 antitoxic unit and usually much higher* 1%: 
68, 71,83 Apparently boosters given any time within four to five years 
after the basic course produce better and longer lasting antitoxin levels 
than the initial immunization alone.’ ®: ®. 7 

Miller®® demonstrated that boosters of fluid or aluminum hydroxide 
adsorbed toxoids produce a slightly more rapid rise of antitoxin than 
alum-precipitated toxoids. Therefore, one of these two should be used 
in immunized patients at the time of injury. Sachs™! and Miller both 
present evidence that 500 to 1500 units of antitoxin do not interfere 
with the secondary response to tetanus toxoid boosters. Thus both may 
be given if the physician so desires. 


PERTUSSIS 


By maturity, 90 to 95 per cent of the population will have had 
cases in early infancy indicates that many newborns have acquired no 
whooping cough, 75 per cent being typical cases. The occurrence of 
passive immunity from the mother. 
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Mortality rates decreased steadily from 1915 to 1945, although the 
incidence remained unchanged. The most likely causes seem to be (a) 
cases occurring at an increased average age,** when mortality always 
has been lower; (b) a marked improvement in the socio-economic 
factors which showed the highest correlation with mortality;!® (c) the 
steady disappearance of marantic, debilitated infants, who combat in- 
fection poorly, and the gradual decrease in the kind of foundling home 
where all types of care were very poor;® (d) although the rate of de- 
cline was not accentuated by the advent of antibiotics and immuniza- 
tion, these may very well be responsible for the continued decrease. 

That the incidence of pertussis has declined recently is quite clear. 
That immunization may be responsible is shown in figures from two 
urban areas.**: 42 When the level of immunization reached 69 to 75 
per cent in infants and young children, and was maintained, the inci- 
dence of pertussis dropped 70 to 80 per cent. Directly adjoining one 
area was another urban group with a low level of immunization; the 
incidence here dropped only 8 per cent at the same time. 

The statistics from studies of outbreaks of pertussis in an institution®? 
and of several inadequately controlled studies indicated that in some 
instances pertussis vaccine seemed effective,** 4% °% 73.74 but afforded 
no protection in others.**: ®: 75 Two beautifully controlled studies have 
proved without question the efficacy of pertussis vaccines. Bell® gave 
injections to 204 infants, age two to four months, of an alum-precipi- 
tated mixture of diphtheria toxoid and pertussis vaccine (10,000 million 
killed organisms per cc.); he gave two l-cc. doses four weeks apart. A 
control group received only diphtheria toxoid. After three years 43 per 
cent of the control group and 13.6 per cent of the group receiving 
pertussis vaccine had acquired whooping cough; the cases occurring in 
the latter group were much milder. An older age group showed similar 
results. 

The British Medical Research Council®? study utilized children six 
to eighteen months old in ten different cities, administering three injec- 
tions of anticatarrhal vaccine to 3352 children and three injections of 
pertussis vaccine to 3358 children, all at monthly intervals. The chil- 
dren were followed up closely for twenty-three to thirty months. Vac- 
cines from three different sources were used. The results are shown in 
Table 8. The cases that occurred in the group receiving pertussis vaccine 
were definitely milder; only 1.3 per cent of them had any complication. 
The British study shows conclusively that more than 90 per cent of chil- 
dren immunized with a highly antigenic vaccine will be protected com- 
pletely for at least two to two and one-half years. The great differences 
obtained with vaccines prepared in different laboratories is also clearlv 
demonstrated. That this difference is not due solely to the number of 
killed organisms used is apparent. 
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In 1951 approximately 80 per cent of the reported deaths ascribed 
to pertussis occurred in the first year of life. The danger is greatest in 
the first six months. This situation makes it imperative to begin per- 
tussis immunization as early as possible. If a pertussis outbreak is in 
progress, start at one week of age; otherwise, begin at one to three 
months. One booster is easily given with the first diphtheria-tetanus 
booster. The authors see no need for further pertussis vaccine boosters. 
If the child has not acquired permanent immunity through an atypical 
clinical infection, it is more desirable from many points of view to have 
the disease before reaching adult life. 


TABLE 8. Results of Pertussis Immunications 


VACCINE TOTAL DOSAGE ©) ATTACK RATE 





Home Exposures Other Exposures 








Vacc. Unvacc. Vacc. Unvacc. 





Plain 

Mich. 231 60,000 million 7.3 79.5 4.6 36.7 
Plain 

Mich. 236 60,000 million 9 90.0 3.8 34.8 

Plain Sauer 90,000 million aa.2 85.0 15.0 32.9 
Alum- 
precipitated 

Glaxo 061 100-112,000 million 30.4 90.5 8.7 40.8 
Alum- 
precipitated 

Glaxo 174 100-112,000 million 29.8 90.7 15.7 46.3 


At this writing the National Institute of Health, which sets standards 
for vaccines, has required that the potency of pertussis vaccines be de- 
termined by a mouse protective test and expressed in antigenic units 
rather than in numbers of killed organisms. This is an attempt to diminish 
the variation in antigenicity noted in Table 8. The minimal total im- 
munizing dose of fluid vaccine must contain 12 protective units and not 
more than 96,000 million organisms. Precipitated and adsorbed vaccines 
will furnish the same protection, but will not contain more than 48,000 
million organisms. 


TYPHOID FEVER 


There is no question that the tremendous reduction in the attack 
tate of this disease in the last decades has been largely due to the con- 
comitant improvement in water and milk supplies. Whether typhoid 
vaccine really affords some protection is still a question. Outbreaks have 
repeatedly occurred involving some recently inoculated persons; a few 
such localized epidemics have been studied in some detail, but in 
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poorly controlled situations.** ©. 78 The results indicate that recently 
inoculated persons fare better than the uninoculated. 

But it is not certain that even an attack of typhoid fever produces a 
solid immunity. A recent outbreak®® of typhoid fever (phage type J) 
at a British Air Force base attacked 12.8 per cent of the personnel 
exposed (all had been immunized within a year). Three months later 
another outbreak (phage type El) occurred, attacking 38 per cent of 
those who did not succumb in the first outbreak, 31.2 per cent of the 
newcomers and 20.4 per cent of the fifty-four that had been attacked 
the first time and re-exposed. Either there is no cross immunity between 
the two phage types, or an attack of typhoid fever does not confer 
good protection against heavy infection. 

Even so, vaccines may be of some value in protecting against a light 
infecting dose. Three injections may be given at one to four week 
intervals. Duration of effect is unknown, but ordinarily boosters are 
given every one to three years. Their use in this country is generally 
restricted to the armed forces and to persons living or visiting in areas 
with inadequately controlled milk and water supplies. 


TUBERCULOSIS 


The immunity produced by a primary tuberculous infection seems to 
afford a moderate degree of protection in future infections against 
hematogenous spread, i.e., miliary and meningitic forms.8? BCG, an 
attenuated living but avirulent strain of bovine tubercle bacilli, is given 
in an attempt to confer such immunity. It cannot be expected to pro- 
tect against the postprimary types of infection.’* Long and widespread 
use of the vaccine has shown its harmlessness. Absolutely satisfactory 
field trials have been almost impossible to set up because of the nature 
of the disease. Although the evidence is not unequivocal, it seems 
almost certain that vaccination of tuberculin-negative persons results in 
a good degree of protection to those at considerable risk.*: **: *°. 4? Suc- 
cessful vaccination, demonstrated by a positive tuberculin skin test six 
to eight weeks later, occurs in 75 to 100 per cent of a group. Contacts 
living with an open case should be lodged elsewhere after vaccination, 
at least until the test becomes positive. The duration of protection is 
unknown. A small percentage will lose their tuberculin sensitivity within 
a year. BCG is an adjunct to, not a substitute for, other tuberculosis 
control measures. Its use is indicated only when the risk is great. 


INFECTIOUS HEPATITIS 


Well controlled studies in institutional outbreaks**: 7° and family 
studies? 5° have shown that passive immunization with gamma glob- 
ulin from pooled human plasma in doses of 0.01 to 0.13 cc. per pound 
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of body weight has proved extremely effective in preventing further 
occurrence of the disease. There is some evidence that the spread of an 
epidemic has likewise been checked by injecting all possible contacts 
in a public school.®® Protection becomes apparent about five days after 
injection and persists for a short time. There is evidence™ that with 
unusually heavy and continued exposure some passively immunized per- 
sons may acquire inapparent infection during the period of waning 
protection and thus develop active immunity. This same type of passive- 
active immunity has been produced in chimpanzees with gamma globulin 
and poliomyelitis virus.8 


MUMPS 


Immunization against this disease is seldom indicated, since serious 
complications are rare. Approximately 25 per cent of sixty-nine persons 
actively immunized eight to eleven months previously were protected 
during an outbreak.‘ 


REACTIONS 
General 


Parenteral injections of antigens within the previous month apparently 
increase the likelihood of paralysis in the injected extremity if the subject 
acquires poliomyelitis. *® ®* Routine immunizations probably should 
be deferred in those over six months of age if poliomyelitis is prevalent 
in the area. In infancy the dangers from pertussis and diphtheria seem 
to be greater than from poliomyelitis. 


Alum-Precipitated or Aluminum Hydroxide Adsorbed Vaccines 


A small nodule may remain palpable at the site of injection for days 
or weeks. Sterile abscesses do occur, but have become much less fre- 
quent with aluminum hydroxide adsorbed vaccines and the newer prep- 
arations containing much less alum. These reactions can be minimized 
or obviated by deeper subcutaneous or intramuscular inoculations. Ac- 
tive massage at the site at the time of inoculation is also helpful. Fever, 
irritability and local soreness occur fairly frequently, but are usually of 
minor degree and short duration. It is wise to warn the mother of this 
possibility and prescribe aspirin to be given four hours after injection 
and for repeat doses with symptoms. 


Tetanus 


Reactions are relatively minor now that certain peptones have been 
removed. 
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Pertussis 


Although rare, convulsions and encephalopathy have occurred, some 
of the children later demonstrating residual brain damage.'* ** There 
appears to be an unusually high incidence of neurologic disorders in 
the families of these children.’* Fractional doses of pertussis vaccine 
should be given to such children and to any child who has a neurologic 
disorder or a history of convulsions or of a generalized reaction to a prior 
immunization. Newer methods of preparing the vaccine and the methods 
of standardization may obviate this recommendation. 


Smallpox 


Postvaccinal encephalitis is a rare complication and probably less 
frequent®® than smallpox itself. Generalized vaccinia is a definite 
hazard in the eczematous child or the nonimmune eczematous sibling 
of a vaccinated well child. In such instances vaccination should be 
deferred. 


Typhoid 


Reactions are minor in children. Some adults may have a moderate 
local or systemic reaction. 


BCG 


Abscesses at the site of inoculation and suppuration of a regional 
lymph node occur occasionally. If the intradermal method is used, and 
care is exercised not to inject subcutaneously, these reactions are infre- 
quent. The reactions are of little consequence, slowly subsiding spon- 
taneously. Rarely a node must be aspirated. 


Gamma Globulin 


Janeway*® reported that 1.7 per cent of 1843 injections resulted in 
some local reaction and/or fever. 


GENERAL IMMUNOLOGIC CONSIDERATIONS 


In the establishment of basic immunity by vaccines and other anti- 
genic agents two important results deserve careful consideration. These 
involve, first, the production of circulating antibody, and, secondly, 
what might be more important in the final analysis, the establishment 
within the host of a capacity to respond when stimulated by a booster 
dose of the antigenic agent or by invasion of the organism. These 
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considerations are important in the selection of age, vaccine and spac- 
ing for an immunization program. 

The need for and the desirability of establishing immunity against 
pertussis as early in life as practical has been pointed out earlier. ‘The 
question of immunizing very young infants against diphtheria is 
debatable, but it seems to have been clearly established by studies 
reviewed in this summary that young infants can be successfully 
immunized. ‘Their relatively poor responses seem to us to represent 
quantitative rather than qualitative differences and constitute a chal- 
lenge to improve the procedure. In both pertussis and diphtheria, 
when passive immunity somewhat interferes with the production of 
good basic immunity, the ability to respond to a booster dose is good. 

The immunity produced by tetanus toxoid, even in young infants, 
is excellent. Not only is a high antibody level attained, but also an 
excellent, long-sustained capacity to respond even to small doses of 
toxoid. 

The optimum time to initiate whooping cough vaccination would 
seem to be at the first or second well baby visit, that is, usually four 
to ten weeks of age. Though this period would seem not to be the 
ideal time to initiate diphtheria immunization, it has become clear 
that the simplicity of giving these immunizations together would 
justify their combination. Obviously any immunization program can 
be completed more easily when combined vaccines are used. When 
these reasons are coupled with the fact that early completion lessens the 
incidence and degree of emotional disturbance frequently associated 
with the “shots,” there seems to be additional reason for instituting a 
combined immunization program. It is, therefore, the overwhelming 
consensus of American pediatric practice that all infants be actively 
immunized against diphtheria, pertussis and tetanus with some selected 
course of injections of combined alum- or aluminum phosphate-pre- 
cipitated or aluminum hydroxide adsorbed diphtheria and tetanus tox- 
oids containing H. pertussis vaccine. 


RECOMMENDED COMBINED IMMUNIZATION PROCEDURES 


1. Certain additional basic principles have been generally agreed 
upon. The immunizing material should be injected intramuscularly 
or deep subcutaneously. Usually a 2-cc. syringe and a needle, gauge 23 
to 26, are used after the skin has been prepared. 

2. The minimum number of injections using combined toxoids 
should be three. 

3. There should be administered a total dose of not less than 40,000 
to 50,000 million H. pertussis organisms, or 12 antigenic units. 

4. Combined immunization should be commenced by three months 
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of age under most circumstances. It is clear, however, that if a whoop- 
ing cough epidemic is present in the community or if there is an 
increasing incidence of diphtheria, immunization should be started in 
the first month of life. 

5. The site of immunization should be changed with each inocula- 
tion in a series. 

On the basis of these recommendations the authors submit the fol- 
lowing table summarizing a theoretically desirable prophylactic im- 
munization program for infants. 


rABLE 9. A Desirable Immunization Program for Infants 





INJECTION NO. AGE PREPARATION AMOUNT 

1 4-8 weeks Pertussis vaccine 15-30 billion 

2 10-14 weeks Combined antigen 0.5-1.0 cc. 
D.P.T. 

3 14-20 weeks Combined antigen 0.5-1.0 ce. 
D.P.T. 

4 20-26 weeks Combined antigen 0.5-1.0 cc. 
oS a 

5 18-24 months Combined antigen 0.25-0.5 cc. 
D.P.T. 

6 5-6 years Combined antigen 0.25-0.5 cc. 
| ty 

7 10 years* Combined antigen 0.25-0.5 ce. 
D.T 


* A few children at this age will have a moderate reaction. If desired, this group can 
be detected by a preliminary toxoid sensitivity test (0.1 cc. of a 1:100 dilution of fluid 
diphtheria toxoid intradermally, read at forty-eight hours). 


RECOMMENDED SEPARATE IMMUNIZATION PROCEDURES 
Diphtheria 


Primary Immunization. Alum-precipitated or aluminum hydroxide 
adsorbed diphtheria toxoid should be given intramuscularly in a 2-cc. 


syringe with a 1% inch 23- to 26-gauge needle after preparation of 
the skin. Three injections of 0.5 to 1.0 cc. each at intervals of at least 
four to six weeks should produce good basic immunity. 

Booster or Recall Immunization. This should be given twelve to 
eighteen months after primary immunization and at three year intervals 
during childhood; 0.25 to 0.5 cc. of alum-precipitated or aluminum 
hydroxide, adsorbed toxoid should be used. If exposure to diphtheria 
occurs, diphtheria toxoid (preferably fluid) should be given at once. 


Tetanus 


Primary Immunization. We believe that alum-precipitated or alumi- 
num hydroxide adsorbed tetanus toxoid should be used for primary 
immunization because it produces slower but more lasting immunity. 
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‘Two injections of 0.5 to 1.0 cc. each at intervals of six to twelve weeks 
are recommended. 

Booster or Recall Injections. A routine booster dose using 0.5 cc. of 
alum-precipitated or aluminum hydroxide adsorbed tetanus toxoid 
should be given twelve to eighteen months after basic immunity and 
every three to five years thereafter. Tetanus toxoid (preferably fluid), 
0.5 cc., should be given for the booster injection in wounded persons. 
These dosages may be halved or quartered when given to persons who 
have had two or more routine booster doses. 

Passive Immunization. The incidence of tetanus during World War 
I was sharply reduced when antitoxin was administered to injured per- 
sonnel.*! With the commonly used dose of 1500 units some cases and 
deaths continue to occur. For this reason it has been advocated that 
the amount be raised to anywhere from 3000 to 20,000 units. Persons 
who have previously received horse serum will have a shorter period of 
protection with subsequent injections.” 


Pertussis 


Three injections of any type of vaccine may be used at two to four 
week intervals as long as 90,000 to 100,000 million H. pertussis organ- 
isms are given when plain vaccine is used and half as many with the 
precipitated or adsorbed vaccines (or 12 antigenic units in either case). 
Plain vaccine should be given subcutaneously and may be given at 
intervals of one week if speed is essential. One booster dose only is 
recommended, one to one and one-half years later, using 10,000 to 
20,000 million organisms (2 to 3 antigenic units). In families with a 
new baby, however, second or third boosters should be given to the 
siblings, primarily for the protection of the new infant. 

Passive Immunization. Every nonimmunized or incompletely im- 
munized child under age six months and many of those under two 
years of age who are exposed to whooping cough should receive (1) 
human hyperimmune serum, 10 to 20 cc. intravenously or intramus- 
cularly three to five days apart;** or (2) concentrated human hyper- 
immune serum, 2.5 cc. intramuscularly three to five days apart;5! or (3) 
rabbit hyperimmune serum, 20,000 units intramuscularly several days 
apart.!2 The interval between injections of rabbit serum should not be 
more than seven days because of the danger of a sensitivity reaction. 
These materials are 70 to 80 per cent effective in preventing the disease 
when given relatively early in the incubation period. 


Smallpox Vaccination—Material and Technique 


The multiple puncture or pressure method is performed by most, 
using calf lymph virus. We prefer a site behind the left deltoid mus- 


. 
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cle high on the arm. The skin should be cleansed with soap and 
water, followed by acetone or ether. After this has been allowed to 
dry, the procedure may be performed. No dressing should be applied. 

Four gradations of reaction are found: (a) primary vaccinia or 
“take” —maximum, eight to fourteen days; (b) vaccinoid or accelerated 
reaction—maximum reaction, four to seven days—shows partial im- 
munity, but immunity now re-established; (c) immediate or early re- 
action—maximum reaction two to three days—frequently mistakenly 
termed “immune reactions”; (d) failure of any reaction to appear 
usually means the use of dead virus, and attention is directed to im- 
proper transportation or refrigeration of vaccine. 


Typhoid Fever 


Three injections of standardized typhoid-paratyphoid saline-suspended 
vaccine are given at one to four week intervals. Total dose ranges from 
1.0 cc. in infants to 1.5 cc. in adults. A booster dose of 0.1 cc., intra- 
dermally, is given every one to three years. 
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ANEMIAS OF INFANCY AND 
CHILDHOOD 
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Anemia may be defined as a condi- 
tion in which less than normal amounts of erythrocytes or hemoglobin 
circulate in the vascular compartment. Anemia is the most common 
hematologic disturbance in children. It is our intention to present a 
brief review of the anemias of infancy and children, with emphasis on 
the diagnosis and management of common conditions and on recent 
advances in knowledge which have added to our understanding of the 
basic physiology and pathophysiology of the blood. 


NORMAL VALUES OF HEMOGLOBIN AND ERYTHROCYTE LEVELS IN INFANTS 
AND CHILDREN 


The diagnosis of anemia can be accurately made in children only 
if the normal variation in the concentrations of erythrocytes and of 
hemoglobin with age is understood. Moreover, it is of considerable 
importance that the limits of accuracy of the tests by which we ascer- 
tain the possible existence of anemia in an infant or child be accurately 
appraised. No method is generally available, for example, which will 
count the number of red blood cells in a cubic millimeter of blood 
without an error which may commonly reach or exceed 20 per cent 
of the true value. Hemoglobin levels can be much more accurately 
measured, but not by methods less sensitive than electrophotometry 
or certain other methods too cumbersome for routine use. No appraisal 
of the nature of an anemic state in a child is complete without clinical 
evaluation of the appearance of the peripheral blood smear, and in 
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many instances it will be urgently indicated to extend the laboratory 
examination beyond those examinations which measure erythrocyte 
characteristics, to include careful appraisals of white cell and platelet 
functions as well. In many instances the satisfactory study of anemia 
in an infant or child may involve examination of the bone marrow. 

The normal mature infant is born with a hemoglobin level of 
approximately 17 gm. per 100 ml. A level of less than 15 gm. in blood 
from the umbilical cord is abnormally low. Within an hour or two 
after birth a brief rise in hemoglobin concentration occurs due to 
redistribution of body fluids. The rise will be more striking if the 
umbilical cord is clamped late than if it is clamped early. At the end 
of twenty-four to forty-eight hours the hemoglobin level may be as 
much as 5 gm. per 100 ml. higher than at birth. A persistent fall in 
hemoglobin level then occurs in most infants which reaches a low 
point at approximately eight to twelve weeks. The level at this time 
will be from 10.5 to 11.5 gm. per 100 ml. The total number of circu- 
lating erythrocytes follows a pattern of change similar to that of the 
hemoglobin level. 

After the time at eight to twelve weeks of age when the levels of 
erythrocytes and of hemoglobin are normally low by adult standards, 
the erythropoiesis becomes very active, and there is a gradual rise in 
hemoglobin and erythrocyte levels towards values for normal adults. 
By the age of six months the hemoglobin level is from 12.5 to 13 gm. 
per 100 ml., and by five years it is normally about 13.5 to 14 gm. 

The red blood cells are at birth larger than the erythrocytes of normal 
adults, and at two or three months of age somewhat smaller. About 
the age of eight months in the normal child the erythrocytes are of 
adult size again. 

Infants born prematurely have at birth the same high levels of eryth- 
rocytes that characterize the mature infant. The ensuing gradual fall in 
erythrocyte and hemoglobin levels is somewhat more rapid and more 
prolonged than in the full term infant. The recovery towards adult 
levels is slower, and may be greatly retarded if adequate iron for 
hemoglobin synthesis is not given by three or four months of age. 

Factors responsible for the behavior of hemoglobin and erythrocyte 
levels in both mature and premature infants have recently been clarified 
by studies of Schulman and Smith,’ who have shown that during the 
first four to six weeks of life hemoglobin production virtually ceases. 
The length of the period of inactive hemoglobin production varies 
inversely with the degree of maturity of the infant. At six to eight 
weeks of age active production of hemoglobin begins in the full term 
infant, and for the next eight to ten weeks ordinarily keeps pace with 
increasing body size. During this time the iron necessary for hemo- 
globin synthesis is mobilized from that stored during the period when 
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the hemoglobin was falling. By fourteen to sixteen weeks of age the 
mature infant has the same total mass of circulating hemoglobin with 
which he was born. For increases in hemoglobin production beyond this 
point endogenous iron stores are then used, and by twenty weeks of 
age an exogenous supply of dietary iron is needed. 

These changes in hemoglobin levels in the first few weeks are closely 
related to a change on the part of the hematopoietic system from pro- 
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Fig. 22. A, Data of Schulman and Smith which indicate that in full term newborn 
infants the production of adult hemoglobin is already under way, whereas in pre- 
mature infants a greater preponderance of the hemoglobin is of the fetal type. B, In 
these four premature infants, whose birth weights are given, the rate of change of fetal 
for adult hemoglobin did not seem to vary with degree of immaturity. It is noteworthy 
that the percentage of fetal hemoglobin remained fairly stationary for 4 to 6 weeks. 
Since the total hemoglobin concentration is falling during this time, fetal and adult 
hemoglobins are presumably being lost at about the same rate; of the amount lost, 
however, the largest part, by far, is of the fetal type. (We are much indebted to Drs. 
Schulman and Smith for their kind permission to reproduce these charts. ) 
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duction of the fetal type of hemoglobin to production of the adult 
variety. Figure 22 gives the data of Schulman and Smith which show 
that the fall in hemoglobin level in the premature infants they studied 
was due to the rapid disappearance of cells which contained chiefly 
fetal hemoglobin. The delayed replacement of this hemoglobin was 
due to failure on the part of the immature erythropoietic organ to 
respond to an ordinarily well recognized need. Similar considerations 
are felt to be reflected in the fall in hemoglobin to its low level by 
eight to twelve weeks in full term infants. It has not been possible to 
induce before eight to twelve weeks the production of hemoglobin of 
the adult type in either full term or premature infants with the admin- 
istration of iron salts, liver extracts or vitamin preparations. The low 
levels of hemoglobin and. of erythrocytes which characterize the second 
to fourth month can apparently be altered only by transfusions. It goes 
without saying that well infants at this age tolerate the normally 
occurring low levels of hemoglobin very well, and that support through 
transfusion therapy is unnecessary. Moreover, it has been clearly shown 
that transfusions of whole blood at this time have a depressant effect 
on erythropoiesis, and thus may retard the recovery of the hemoglobin 
level to normal values. Transfusions, therefore, should be used with 
discretion at this time, even in premature infants, in whom ‘this 
so-called physiologic anemia is more pronounced and more prolonged 
than in full term infants. 


CLASSIFICATION OF THE ANEMIAS OF INFANCY AND CHILDHOOD 


Anemia always reflects a disturbance in the dynamic equilibrium 
between the loss of erythrocytes from the circulation and the necessary 
constant production of new cells to take their place. Either excessive 
loss or inadequate production will lead to the lower than normal levels 
of erythrocytes or hemoglobin which define the anemia state. The 
anemias of infancy and childhood may be helpfully classified according 
to the manner in which the normal equilibrium between production 
and destruction of red blood cells is disturbed. (See Figure 23.) 


ANEMIAS DUE TO INADEQUATE ERYTHROCYTE OR HEMOGLOBIN 
PRODUCTION 


The normal production of erythrocytes and hemoglobin depends 
upon the presence of (1) an adequate number of normally functioning 
precursors in the bone marrow, and (2) their adequate nutrition. If 
either precursors or nutrients are absent or defective, the production of 
erythrocytes and hemoglobin may be inadequate to replace the cells 
normally removed from the circulation each day. 
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It appears to take from three to five days for the most immature 
precursor of erythrocytes in bone marrow to develop into a mature 
erythrocyte. When such a cell enters the circulation, it has a normal 
life of between 100 and 120 days. About 0.8 per cent, therefore, of 
the total red cell population of the body is normally lost each day, 
and normally replaced. Since only small numbers of erythrocytes are 
lost each day, even sudden complete failure in erythrocyte production 
is accompanied by only gradual development of anemia, unless abnor- 
mal losses occur. 

Anemias due to an inadequate number of the cellular precursors of 
erythrocytes in bone marrow are referred to as aplastic anemias. Absence 
of precursors may result from a wide variety of abnormalities, the 
aplastic state occurring either as the primary alteration in body function 
or as a secondary manifestation of some other widespread disease. The 
small numbers of red cells that may be produced in aplastic anemias 
are well filled with hemoglobin, so that these anemias are ordinarily 
normochromic in type. Regardless of cause, the prognosis is guarded 
in aplastic anemias, since specific therapy is not usually available, and 
the anemia is often relentlessly progressive. 

Aplastic states of marrow are associated with failure of leukocyte 
and platelet production. Complete “bone marrow failure” gives rise 
to symptoms of platelet deficiency such as hemorrhagic manifestations, 
and of granulocyte deficiency such as excessive susceptibility to infec- 
tions, in addition to severe anemia. 

Josephs,* and Blackfan and Diamond! and others have described 
groups of children in whom there was a congenital absence of erythro- 
cyte precursors in the marrow, with normal granulocyte and platelet 
production. This disease has been called congenital hypoplastic anemia 
to differentiate it from the aplastic anemias, and is also known as 
erythrogenesis imperfecta. This slowly progressive anemia is usually 
treated symptomatically with blood transfusion as indicated. Isolated 
instances of response to diathermy or hormones have been reported. 
Spontaneous cures are not uncommon, and the illness may occur in 
more than one member of an affected family. 

Fanconi has described a true aplastic anema, occurring as a con- 
genital disorder in association with multiple skeletal defects and other 
anomalies, in which white cell and platelet production is inadequate as 
well as red cell production. 

Many aplastic anemias are toxic in origin, and may occur from a wide 
variety of toxic agents. Benzol and benzol-containing compounds are 
common offenders. Certain drugs such as chloramphenicol, the hydan- 
toins and the sulfonamides have been found repeatedly to cause bone 
marrow damage when given in excessive amounts or to paiticularly 
susceptible persons in otherwise ordinary amounts. That excessive 
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exposure to ionizing radiation may cause severe aplastic anemia is well 
known. 

A number of diseases may in their advanced stages lead to such 
extensive replacement of the normal cellular elements of bone marrow 
by abnormal tissue that hematopoiesis is greatly depressed. The result- 
ing anemias are the so-called myelophthisic states. Letterer-Siwe’s dis- 
ease, certain lipid storage diseases and most commonly leukemia may 
often be accompanied by signs of marrow failure. Extensive invasion 
of the marrow cavity by metastatic tissue in patients with neuro- 
blastoma may produce an aplastic anemia. 

Anemia has long been known to complicate long-standing infection. 
The recent studies of Wintrobe,® Cartwright and their associates have 
indicated that the bone marrow of chronic infection has normal cellu- 
lar constituents, but is unable to deliver normal complements of ery- 
throcytes and of hemoglobin. This depression of function is due 
neither to inadequate nutrition nor to a deficiency in the number of 
cells in marrow, but to depression of erythrocyte production by the 
infectious process through unknown mechanisms. Iron and liver extracts 
are without effect. The anemia is usually mild and needs no direct 
treatment, since it always responds to adequate control of the pre- 
cipitating infection. 

The anemia which accompanies long-standing renal failure has now 
been shown to be due, like the anemia of chronic infection, chiefly to 
the depressed function of a normally cellular bone marrow through 
some unknown mechanism. Moore and co-workers have studied this 
problem extensively, and have shown that the degree of anemia accom- 
panying azotemia is proportional to the severity and duration of 
nitrogen retention. In unusually severe azotemia an element of exces- 
sive destruction of erythrocytes may accentuate the anemia. 

Recent studies have suggested that the anemias of chronic infection 
and of chronic azotemia are corrected by the administration of the 
salts of cobalt. The manner of action of cobalt is unknown, and its 
toxicity is not inconsiderable. There is little evidence that actual clini- 
cal benefit is derived from its use in these states. 


ANEMIA DUE TO IRON DEFICIENCY 


The anemia of iron deficiency is the most common anemia of child- 
hood and doubtless the most common nutritional deficiency in children 
in the United States today. Iron is needed by erythropoietic tissue for 
the production of normal quantities of the pigment-protein complex, 
hemoglobin. But the production of erythrocytes is not dependent pri- 
marily on a normal supply of iron. When iron deficiency is present, 
therefore, an anemia develops which is characterized by the produc- 
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tion of nearly normal numbers of erythrocytes which are markedly 
deficient in their hemoglobin content. These pale erythrocytes, so 
poorly filled with hemoglobin, are smaller than normal cells and may 
have a great variety of unusual shapes and sizes. The anemia of iron 
deficiency is a hypochromic, microcytic anemia, therefore, with aniso- 
cytosis and poikilocytosis prominent features. 

Iron deficiency may result either from an inadequate supply of iron 
to meet normal bodily needs or from an excessive demand for this 
mineral due to unusual losses of iron from the body. The common 
causes of iron deficiency are as follows: 


I. Iron deficiency resulting from inadequate supply to meet normal needs 
A. Inadequate iron stores at birth, owing to 

. Severe iron deficiency in the mother 

. Premature birth 

. Multiple births 

. Excessive loss of fetal blood at time of birth 
(a) Retroplacental bleeding 


>We 


B. Inadequate iron from exogenous sources, owing to 
1. Poor dietary intake of iron 
2. Gastrointestinal abnormalities interfering with absorption of iron 
II. Iron deficiency due to excessive demands for iron 
A. Loss of body iron, owing to 


. Acute loss of large amounts of blood 
. Chronic blood loss 
. Parasitic infestations, especially hookworm disease. 


wn 


Prior to the age of six months the normal infant is dependent for 
iron upon stores acquired during his intrauterine existence, which are 
ordinarily enough to meet the demands of growth during this period. 
The premature infant or twin may have less intrauterine storage of 
iron than the full term infant, enough only for the first three or four 
months of life. When iron acquired in utero has been exhausted, an 
exogenous supply must be provided. The full term infant receives 
this best in the form of the meats, fruits and vegetables which are 
added to his diet by five to six months of age. In the premature infant 
or twin, on the other hand, it is advisable to give medicinal iron from 
two to three months of age. 

If the diet is not adequate in iron by approximately six months of 
age, the gradual development of iron deficiency will result in a severe 
hypochromic microcytic anemia. The highest incidence of the anemia 
of iron deficiency is between nine and twenty-four months of age, 
as is clearly shown in Figure 24. It is at this age, when growth is rapid 
and the demand for exogenous iron is relatively great, that poor 
feeding practices and feeding problems frequently lead to deficient 
diets. Anemia due to nutritional deficiency of iron is rarely encoun- 
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tered after the age of three years, and in the older child acute or 
chronic loss of blood rather than deficient diet is more frequently 
responsible for iron deficiency. 

The symptoms of iron deficiency are chiefly those of anemia. Easy 
fatigability, irritability and the loss of normal activity occur along 
with pallor in the more severe cases. Anorexia is common and may 
seriously hamper attempts to correct the inadequate diet which has 
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Fig. 24. Age incidence of 162 patients with iron deficiency anemia. Iron deficiency 
anemia occurs most frequently in late infancy, with the highest incidence between the 
ages of 6 and 24 months. Iron deficiency is a rare cause of anemia after the age of 3 
years. (Courtesy of the Journal of Clinical Nutrition.) 


led to iron deficiency. The anorexia and irritability appear not to be 
directly the result of anemia in iron deficiency, since they may dis- 
appear with therapy before any significant rise in hemoglobin level 
is demonstrable. 

Tachycardia, cardiac enlargement and hemic murmurs are not un- 
common in severe iron deficiency anemia. The spleen is felt in about 
15 per cent of cases, especially when some mild complicating infec- 
tion is present. 

The clinical diagnosis of iron deficiency is confirmed when laboratory 
studies reveal defective synthesis of hemoglobin with relatively normal 
production of erythrocytes. In severe instances the hemoglobin level 
may be as low as 3 to 4 gm. per 100 ml., whereas the erythrocyte 
count will seldom be less than 3 million per c. mm. The small, pale 
erythrocytes, which vary considerably in size and shape, are readily 
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seen in peripheral blood (Fig. 25, A). If these morphologic changes 
in erythrocytes are not present, the diagnosis of anemia due to iron 
deficiency cannot be made. Since erythrocyte production is relatively 
normal, the reticulocyte count is normal or slightly decreased in 
untreated iron deficiency anemia. Platelets and leukocytes show no 
characteristic changes. 





Fig. 25. Peripheral blood and bone marrow smears in iron deficiency anemia. These 


preparations are from an 18 month old girl who was seen because of pallor. The hemo- 
globin level was 5 gm. per 100 ml., the erythrocyte count 3.2 million per c. mm., 


and the reticulocyte count 1.2 per 100 ml. The leukocytes and platelets were normal. 
A detailed history revealed that the diet consisted of 48 to 60 ounces of milk daily, 
large amounts of cereal and sparse quantities of other solid foods. 

A, The pale, small erythrocytes characteristic of iron deficiency are evident in the 
peripheral blood. B, In the bone marrow there are many normoblasts whose cytoplasm 
is sparse and poorly hemoglobinized. 


In the bone marrow in iron deficiency there is a moderate increase 
in numbers of the more mature erythrocyte precursors, but the defi- 
ciency in hemoglobin synthesis is obvious in the cytoplasm of these 
cells. These changes are shown in Figure 25, B. The only anemia likely 
to be confused with iron deficiency is that due to thalassemia. The 
latter, however, is a hemolytic anemia, and signs of hemolysis are 
usually readily demonstrated clinically or in the laboratory. 

The treatment of the anemia of iron deficiency of infants and chil- 
dren begins with the specific identification of the primary etiologic 
factor responsible for the iron deficiency. Therapy may occasionally 
involve surgical correction of a lesion leading to hemorrhage or to 
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defective absorption of iron, but most commonly the essential ingredi- 
ent in therapy is such education of parents as will assure an adequate 
diet to the iron-deficient infant. This may present a considerable task 
when the anemia of iron deficiency is the result of a severe feeding 
problem, in which a struggle between parent and child for control of 
the child’s caloric intake has been unhappily and uneasily resolved by 
a diet adequate in calories and in appeal, but deficient in iron. Such 
diets often consist nearly exclusively of milk, bland carbohydrates such 
as cereals, potatoes, bread, macaroni, crackers, cookies, and the like. 
No therapeutic program will be assured of lasting success which does 
not correct the dietary inadequacy through restriction of the intake 
of such foods as are low in iron content. Cookies and crackers might 
best be altogether eliminated. In the child over one year of age milk 
can be limited to 1 pint a day. The other starchy, “white” foods low 
in iron content should be replaced in the diet by meats, fruits, eggs 
and vegetables given as three nourishing meals a day. Between-meal 
snacks should be limited to fruits and unsweetened fruit juices. 

When the basic cause of iron deficiency has been identified and 
corrected, recovery from anemia can be hastened by the administration 
of iron. A simple iron salt such as ferrous sulfate is recommended and 
should be given orally in doses which will provide 50 to 100 mg. of 
elemental iron daily, in three or four divided doses. Phosphates and 
phytates in milk and in cereals may interfere with the absorption of 
iron through formation of insoluble compounds. For this reason iron 
is best given between meals. There is evidence that adequate replenish- 
ment of depleted iron stores of the body requires the administration 
of iron for some time after the anemia itself has been corrected. 
Therapeutic doses of supplemental iron should, therefore, be given 
for at least six weeks after the hemoglobin level has returned to a 
normal value. 

Recently colloidal preparations of iron (such as saccharated iron 
oxide) have been prepared which are suitable for intravenous admin- 
istration. There are few indications for the use of iron by parenteral 
routes, however. Intravenous iron might be useful in temporarily cor- 
recting the iron deficiency resulting from a severe disturbance of gastro- 
intestinal absorption not amenable to immediate correction. Intra- 
venous iron administration may be accompanied by severe toxic reac- 
tions and leads to no significantly more rapid increase in hemoglobin 
level than that which accompanies adequate oral administration of 
iron. 

Blood transfusions should rarely, if ever, be used for the correction 
of uncomplicated iron deficiency anemia. This expensive, uncomfortable 
and potentially dangerous procedure adds nothing to an intelligent 
program of management in which the specific causes of iron deficiency 
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are identified and corrected. With appropriate dietary and supplemental 
iron therapy the great majority of children with iron deficiency anemia 
make a progressive and lasting recovery. The rare instances of relapse 
will indicate the probability of unrecognized occult loss of blood in an 
infant or child whose therapy has been otherwise adequate. 


ANEMIAS DUE TO DEFICIENCY IN ANTIPERNICIOUS ANEMIA FACTORS 
(MEGALOBLASTIC ANEMIAS) 


The normal maturation in the marrow of erythrocyte precursors 
depends in part on certain nucleic acid precursors. Not all the factors 
necessary for this maturation are known at present, nor have their 
metabolic interrelationships been clearly defined. Ascorbic acid, vita- 
min B,2, folic acid and related substances and certain purines and 
pyrimidines are involved in this process. In the absence of these sub- 
stances inadequate production of erythrocytes occurs, with character- 
istic morphologic alterations seen in the bone marrow as a megalo- 
blastic erythropoiesis in the erythrocyte precursors. The associated 
anemias are called megaloblastic anemias (pernicious-anemia-like ane- 
mias). The erythrocytes produced under these circumstances are larger 
than normal and well filled with hemoglobin. These anemias are 
therefore said to be macrocytic and “hyperchromic.” 

It is noteworthy that production of granulocytes and platelets in matr- 
row also requires these nutrient substances and that various degrees 
of granulocytopenia and thrombocytopenia generally accompany the 
megaloblastic anemias. ‘he deficits in leukocytes and platelets found 
with megaloblastic anemias are never, however, as severe as those 
which accompany the true aplastic anemias and rarely give rise to 
symptoms of granulocyte or platelet dysfunction. 

Megaloblastic anemias are rare in infancy and childhood, though 
they may arise from a wide variety of causes. A simple classification 
is given here. 

. Juvenile pernicious anemia 

. Nutritional megaloblastic anemias 

A. Megaloblastic anemia of infancy 

B. Celiac disease 

Megaloblastic anemias of intestinal origin 
A. Congenital strictures 

B. Surgical shunts 

C. Intestinal infections and infestation 
IV. Megaloblastic anemias of metabolic origin 


A. Chronic liver disease 
B. Rare instances of acute leukemia 


— 
— 


Il. 


nee 


True pernicious anemia is rare in infants and children. About a 
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dozen well authenticated instances have been reported, in which the 
signs, symptoms and laboratory abnormalities were similar to those 
found in adult patients with pernicious anemia. A cardinal feature is the 
need for continuous maintenance therapy with a parenteral source of 
vitamin B,», in the absence of which the disease relapses. 





Fig. 26. Peripheral blood and bone marrow smears in megaloblastic anemia of in- 
fancy. These specimens were obtained from a 10 month old Negro girl who was 
admitted to hospital because of diarrhea, dehydration and fever. Her diet had con- 
sisted almost entirely of whole cow’s milk and small amounts of a cooked corn cereal. 
She had received supplemental vitamins irregularly and had suffered from several epi- 
sodes of diarrhea in the 4 months prior to admission. 

The peripheral blood demonstrates the striking variance in the size of erythrocytes, 
many of them being as large as the neighboring leukocytes. The polymorphonuclear 
leukocyte shows striking multilobulations of the nucleus. Platelets are moderately 
reduced in number. The bone marrow shows a large number of erythrocyte precursors 
showing characteristic morphologic changes of megaloblastic erythropoiesis. 


More commonly encountered in infancy is the megaloblastic anemia 
of infancy, which is due to a relative or absolute dietary deficiency in 
folic acid. This illness is often manifested in infants in whom growth 
has been rapid, who have suffered from repeated infections, especially 
diarrhea, and whose diet has been lacking in foods containing folic 
acid, and often lacking in vitamin C as well. The response to supple- 
mental therapy with folic acid is prompt; once the nutritional deficit 
has been corrected, the anemia does not recur. 
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Intestinal abnormalities resulting in megaloblastic anemia are chronic 
and act through interference with absorption of folic acid and allied 
factors. These abnormalities are rare in children. The accompanying 
anemia responds to the parenteral administration of a source of folic 
acid. 

Abnormalities occur in folic acid metabolism in acute leukemia in 
childhood and are on rare occasions responsible for classical changes 
of megaloblastic anemia. The megaloblastic anemia in these situations 
does not respond to replacement therapy, which may even accentuate 
the leukemic process. 

The diagnosis of megaloblastic anemia can often be suspected with 
a high degree of confidence through careful examination of the peri- 
pheral blood film (see Fig. 26, A). The erythrocytes will vary in size 
and shape, many being very large. The cells are well filled with hemo- 
globin. The leukocyte count will be low and the level of platelets 
moderately reduced. An absolute granulocytopenia will be present. 
Typical changes of megaloblastic erythropoiesis will be found in bone 
marrow (Fig. 26, B). 


ANEMIAS DUE TO EXCESSIVE LOSS OF ERYTHROCYTES 


Erythrocytes may be lost to the circulation through loss of blood 
from the body (hemorrhage) or through the excessive destruction of 
erythrocytes within the body (hemolysis). There is loss alike of hemo- 
globin and of erythrocytes in these disturbances, so that these anemias 
are normochromic and normocytic except when a congenital or acquired 
defect in the synthesis of hemoglobin alters the hemoglobin content 
of the cells. Congenital defects in hemoglobin synthesis include 
thalassemia and sickle cell disease. Compensatory activity of bone 
marrow is a constant finding in anemias of excessive blood destruction, 
and the peripheral blood nearly always reflects the rapid turnover of 
red blood cells. Varying degrees of polychromatophilia, with other young 
cells, including occasionally nucleated erythrocyte precursors, may be 
found. Elevation of the reticulocyte count is a most constant and helpful 
indicator of a hemolvtic process. Splenomegaly and icterus often accom- 
pany hemolytic anemias. 

Acute loss of blood may be due to a wide variety of causes in infancy 
and childhood, and leads to a degree of anemia dependent upon the 
extent of blood loss. Blood may be lost as the result of trauma, uncon- 
trolled epistaxis, gastrointestinal disturbances or a primary hemorrhagic 
disorder. The commonly accepted symptoms of sudden loss of a large 
amount of blood, such as prostration, restlessness, thirst, rapid and 
thready pulse, may or may not be present. Evert, Stead and Gibson* 
showed tha’ frequently the symptoms develop only after the patient 
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has become active during or after hemorrhage and that these signs 
may not in the recumbent patient serve to indicate extent or severity 
of hemorrhage. Nor are the hematocrit, erythrocyte count or hemo- 
globin level good indicators of the severity of acute blood loss. They 
continue to change for several days following a hemorrhagic episode, 
in response to readjustment of plasma volume and redistribution of 
body fluid. 

The anemia of acute blood loss will often have urgent need for 
correction by whole blood transfusion even in the absence of any 
remarkable abnormality in red blood cell count, hemoglobin level or 
hematocrit. If an isolated episode of loss of blood has been unusually 
severe, supplemental iron therapy during the period of replacement 
of lost hemoglobin will be indicated. 

Chronic loss of blood usually occurs in small amounts over a long 
time. Though the loss of blood at any one time may not be great 
enough to reduce noticeably the level of circulating erythrocytes or 
hemoglobin, persistent losses will lead over a long time to iron deficiency. 
An iron deficiency anemia in an older child may very likely have this 
etiology. 


ANEMIAS DUE TO EXCESSIVE DESTRUCTION OF ERYTHROCYTES 


Hemolytic anemias are not uncommon in infancy and childhood. 
Abnormalities intrinsic either within the erythrocyte or in its environ- 
ment may shorten the life of the cell. Regardless of cause, these hemo- 
lytic anemias have many clinical and laboratory manifestations in 
common. 

Patients with hemolytic anemias are pale and may at times be mildly 
icteric. The overactivity of the reticuloendothelial system, an important 
site of erythrocyte destruction, often leads to enlargement of the 
spleen. The liberation of excessive amounts of bilirubin will give a 
sallow subicteric tint to the skin more frequently than frank jaundice, 
even when an acute hemolytic process is active. With chronic hemolytic 
anemias the iron-containing pigments that arise from the destruction 
of erythrocytes will be deposited in tissues throughout the body (hemo- 
siderosis ), and may in time lead to a bronze discoloration of the skin. 
In chronic hemolytic processes the compensatory overactivity of the 
erythropoietic tissue in marrow results in expansion of the marrow 
cavity, particularly in membranous bones. Broadening and thickening 
of the flat bones of the face and skull occur, and commonly give a 
mongoloid facies to patients with long-standing severe hemolytic 
processes. 

Figure 27 shows the typical changes of chronic hemolytic anemia 


in two boys with a long-standing process. The hepatomegaly, sple- 
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nomegaly, discoloration of the skin due to mild chronic icterus, hemo- 
siderosis, pallor and the mongoloid facies are evident. 

The peripheral blood film in patients with hemolytic anemia will 
often give pathognomonic findings. Characteristic morphologic changes 





Fig. 27. Long-standing hemolytic anemia. These 2 boys suffer from thalassemia 
major and have been treated with repeated blood transfusions since 3 months of age. 
They manifest, to a striking degree, the physical abnormalities accompanying long- 
standing hemolytic disease and compensatory erythropoietic hyperactivity. 

There is marked splenomegaly and hepatomegaly. The skin is pigmented, owing 
to mild icterus and transfusion hemosiderosis. The facies show a mongoloid appear- 
ance due to thickening of the flat bones of the face and skull. These findings are not 
limited to thalassemia major, but will accompany any prolonged hemolytic disease. 


in erythrocytes occur in hereditary spherocytosis, thalassemia, sickle 
cell disease and hemoglobin C abnormality. The marked compensatory 
erythropoietic activity in bone marrow will be seen in varying degrees 
of polychromatophilia and reticulocytosis. The excessive amount of 
liberated bilirubin is reflected in moderately elevated levels of serum 
bilirubin, particularly with respect to the indirect-reacting pigment. 
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The amounts of bile pigment in urine and feces are also increased. 
Abnormal shape and content of the erythrocytes may be responsible for 
changes in the osmotic fragility curve of many hemolytic anemias. 
Hemolytic anemias are nearly always associated with erythroblastic 
hyperplasia in bone marrow. Serum iron levels are usually increased 
in hemolytic anemias and latent iron-binding capacity of the serum 
proportionately lowered. 

The common hemolytic anemias of infancy and childhood may be 


classified as follows: 


I. Congenital abnormalities in the production of erythrocytes or hemoglobin 
A. Hereditary spherocytosis 
B. Thalassemia 
1. Thalassemia minor 
2. Thalassemia major 
C. Production of hemoglobin S 
1. Sickle cell trait 
2. Sickle cell disease 
D. Production of hemoglobin C 
=. Production of hemoglobin D 
F. Combinations of abnormal hemoglobins 
1. Double heterozygotes 
G. Paroxysmal nocturnal hemoglobinuria 


— 


II. Acquired abnormalities in erythrocytes or their environment 
A. Toxic hemolytic anemias 
1. Drugs and chemicals (e.g., naphthalene, sulfonamides ) 
2. Bacterial toxins (e.g., B. coli, streptococcus, B. welchii) 
B. Infections causing hemolytic anemias 
1. Malaria 
2. Oroya fever 
C. Burs 
D. Immunologic disturbances 
1. Iso-immunization (e.g., hemolytic disease of newborn ) 
2. Auto-immunization (e.g., acquired hemolytic anemia, favism ) 
E. Abnormality in plasma 
1. Paroxysmal cold hemoglobinuria 


HEMOLYTIC ANEMIAS DUE TO CONGENITAL ABNORMALITIES IN PRODUC- 
TION OF HEMOGLOBIN OR ERYTHROCYTES 


The congenital hemolytic anemias of infancy and childhood are 
chronic and generally have their onset early in life. They are most 
commonly associated with specific abnormalities in the morphology 
of the erythrocyte, such as are shown in Figure 28. 

Hereditary spherocytosis is characterized by production of erythro- 
cytes of spheroid shape which undergo destruction at an excessive rate 
in the spleen. The abnormality is inherited as a mendelian dominant 
trait, affecting both sexes. The abnormality is manifest from birth, 
and may lead to clinical illness even in the immediate neonatal period. 
On the other hand, the disease may exist in a well compensated, 
asymptomatic form for many years, and the patient first consults the 
physician in early adult life. The disease will be identified more and 
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Fig. 28. Morphologic alterations in erythrocytes in hereditary hemolytic anemias. 
In A the small, dark-staining spherocytes of hereditary spherocytes are seen. Large 
polychromatophilic erythrocytes are also present. There is striking erythroid hyperplasia 
in the marrow specimen. The marked hypochromia, anisocytosis and poikilocytosis 
characteristic of thalassemia major are evident in B. The marrow shows similar varia- 
tion in the cytoplasm of the normoblasts, which are greatly increased in number. The 
bizarre-shaped erythrocytes found in sickle cell disease are present in C with com- 
pensatory erythroid hyperplasia seen in the marrow. In D the striking degree of target 
cell malformation in the erythrocytes is present as a manifestation of hemoglobin 
C-sickle cell disease. The chronic hemolytic anemia accompanying this abnormality is 
also accompanied by evidence of erythroid hyperplasia in the marrow. 


384 





NATHAN J. SMITH AND VICTOR C. VAUGHAN, III 385 


more often during early childhood as more critical evaluation is made 
of hemoglobin determinations in otherwise asymptomatic children. 

Hereditary spherocytosis is occasionally complicated by so-called 
crises, during which the patient may have fever and abdominal pain 
and the hemoglobin level may fall rapidly to dangerously low levels. 
Formerly thought always to be due to accentuations of the hemolytic 
process, some crises have been recently found to be associated with 
temporary hypofunction and hypoplasia of the bone marrow, so that 
a combination of excessive destruction and decreased production of 
erythrocytes may bring about this sudden severe anemia. The reasons 
for a sudden decrease in productivity of marrow are unknown. 

Moderate anemia, mild to moderate degrees of splenomegaly and the 
presence of erythrocytes of characteristic spheroid shape will establish the 
diagnosis of hereditary spherocytosis. These abnormally shaped erythro- 
cytes are exceptionally susceptible to destruction in hypotonic saline 
solution, so that their increased osmotic fragility is a valuable con- 
firmatory sign. 

Removal of the spleen results in complete relief in all cases of 
hereditary spherocytosis, and is indicated in children as soon as the 
diagnosis has been established. 

Thalassemia (Mediterranean anemia, Cooley’s anemia, erythroblastic 
anemia) results from a genetic defect in the production of hemo- 
globin, which leads to hypochromic erythrocytes of abnormal shape, 
which are destroyed at an excessive rate. The abnormality is inherited 
as a mendelian dominant. In the heterozygous condition the abnor- 
mality is manifest as thalassemia minor, an asymptomatic condition 
characterized by mild hypochromic anemia. In the homozygous con- 
dition the defect in hemoglobin synthesis leads to thalassemia major, 
a severe progressive, hemolytic anemia amenable only to symptomatic 
relief through frequent blood transfusions. First described and most 
commonly found to date in peoples living or taking their origins from 
the Mediterranean area, thalassemia is now known to have worldwide 
distribution. 

Thalassemia major may produce clinical symptoms as early as two 
to three months of age. It is usually recognized within the first year of 
life, attention being called to it by pallor, splenomegaly, hepatomegaly 
and often mild degrees of icterus. Marked hypochromia is noted 
in the erythrocytes, which manifest extreme degrees of anisocytosis 
and poikilocytosis. There is usually a moderate increase in the ability 
of these cells to resist destruction in hypotonic saline solution. Unlike 
the hypochromic anemia of iron deficiency, the anemia of thalassemia 
is demonstrably hemolytic. A moderate degree of reticulocytosis is 
present. The bone marrow shows marked erythroblastic hyperplasia. 

Thalassemia major does not respond to any known therapy, except 
as symptomatic relief from severe anemia is obtained by repeated trans- 
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fusions of whole blood or sedimented erythrocytes. As patients become 
older the frequency with which transfusions are needed tends gradually 
to increase, until they may have to be given at intervals of ten days 
to two weeks. The spleen becomes enormous in many of these children, 
and at ten to twelve years of age splenectomy may be helpful in pro- 
longing the interval between necessary transfusions. No alteration of 
the fundamental defect responsible for thalassemia is afforded by 
splenectomy, however. 

Recent studies of the metabolism of iron in thalassemia major indi- 
cate that the protective mechanisms regulating absorption of iron 
from the gastrointestinal tract do not function properly in this disease, 
so that over a period of years massive deposits of iron occur in certain 
tissues, particularly liver. Hemochromatosis may result and is an 
increasingly likely important complication of thalassemia major in 
patients who have survived into the second and third decades through 
the liberal use of blood transfusions. 

Sickle cell disease, like thalassemia, is due to an abnormality in the 
production of hemoglobin. Here a unique type of hemoglobin is pro- 
duced, which causes erythrocytes to assume sickle shapes under con- 
ditions of reduced oxygen tension or with certain alterations in the 
osmotic activity of their environment. The abnormality is inherited 
as a mendelian dominant trait. In the heterozygous form it is manifest 
as a completely asymptomatic disturbance, sickle cell trait, identified 
only through demonstration of the phenomenon of sickling. Excessive 
hemolysis does not occur. In the homozygous state the defect in hemo- 
globin production leads to a chronic hemolytic anemia with acute 
episodes of occlusion of small vessels by abnormally shaped erythro- 
cytes, often with an intensification of the hemolytic process. A wide 
variety of disabling symptoms may result from the vascular occlusions, 
depending upon their location. 

Sickle cell disease is seen principally in the Negro race, but is being 
recognized with increasing frequency in other racial groups. About 
7 or 8 per cent of American Negroes show the sickling abnormality. 
Only about one in forty of those with the sickling abnormality, how- 
ever, inherits the abnormality in the homozygous form responsible for 
sickle cell disease. 

The clinical onset of sickle cell disease may occur any time after 
the first three months of life. In addition to a moderate to severe 
hemolytic anemia, there are often intermittent painful crises during 
which the hemoglobin level falls unusually rapidly. Pain most often 
occurs in the lower extremities and abdomen, but symptoms may occur 
virtually anywhere in the body. Severe bone or joint pain, convulsions, 
coma, flank pain may be the presenting signs of crises. In infancy and 
early childhood these symptoms may be particularly difficult to evalu- 
ate, and may suggest a wide variety of unrelated conditions. For this 
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reason routine preparations of peripheral blood for the sickling phe- 
nomenon should be obtained on all Negro patients. 

The sickling test does not distinguish the sickle trait from sickle 
cell disease. Electrophoretic studies have shown, however, that in 
sickle cell trait the erythrocytes contain only up to 45 per cent abnormal 
hemoglobin, but in sickle cell disease from 60 to over 90 per cent sickle 
cell hemoglobin. The patient with symptoms of sickle cell disease is 
expected to have both parents with the sickle cell trait. 

Sickle cell trait produces no symptoms and requires no therapy. 
In sickle cell disease it is not possible to modify therapeutically the 
production of sickle cell hemoglobin, and attempts at relieving the 
persistent chronic hemolytic anemia have so far been unsuccessful. Most 
patients maintain a low level of hemoglobin which represents the level 
at which the activity of their bone marrow can compensate for the 
excessive destruction of erythrocytes. Transfusions of whole blood, 
which are not without danger, give only temporary increases above 
this level and are rarely indicated in the therapy of sickle cell disease. 
Many patients make a remarkable adjustment to their low level of 
hemoglobin and lead active, normal lives with persistent levels of 
5 to 7 gm. per 100 ml. of hemoglobin. 

Sharpsteen recently presented studies on the osmotic pressures of 
erythrocytes and plasma in sickle cell disease which indicate that oral 
hydration with tap water may be a most important adjunct to the 
therapy of sickle cell crises, which would make blood transfusions 
unnecessary if hydration is carried out early enough to affect the 
mobilization of sequestered sickled cells. Early clinical trial of hydra- 
tion therapy has been encouraging, and further extensive trial seems 
altogether warranted in the acute painful crises of sickle cell disease. 

Several reports have appeared in recent years of the occurrence of 
the double heterozygote of sickle cell abnormality and thalassemia. 
Patients with this genetic pattern produce erythrocytes which give 
positive tests for sickling and are moderately hypochromic. Clinically, 
a moderate degree of chronic hemolytic anemia occurs. This interesting 
abnormality has been identified most frequently in persons in southern 
Italy and has recently been found in the American Negro. 

Recent investigations have brought to light two new abnormalities in 
hemoglobin formation which, like the formation of sickle cell hemo- 
globin, consist in the formation of an abnormal hemoglobin molecule. 
These new forms of hemoglobin have been designated hemoglobin C 
and hemoglobin D. They have occurred most often in association with 
sickle cell hemoglobin (hemoglobin S$). Like the association of sickle 
cell trait with thalassemia minor, the association of these forms of 
hemoglobin with other abnormal forms in the double heterozygous 
condition gives rise to mild, chronic hemolytic processes, with some- 
times mild crises resembling those of sickle cell disease. 
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These abnormal forms of hemoglobin can be most readily distin- 
guished by their electrophoretic mobility and by their ability to produce 
a sickle cell in circumstances of reduced oxygen tension. Hemoglobin C 
and hemoglobin D seem to be more common in the Negro race. 

Acquired abnormalities involving erythrocytes or plasma may produce 
hemolytic anemias. Hemolytic disease of the newborn (erythroblastosis 
fetalis) is the most commonly acquired hemolytic anemia in infants 
and children, and derives, of course, from maternal iso-agglutinins. 
Acquired hemolytic anemia due to auto-agglutinins is uncommon in 
childhood. It is usually a self-limited process, but may run a pro- 
tracted course over several months. Benefit may result from splenectomy 
or prolonged courses of ACTH or cortisone. 

A poorly understood immunologic mechanism is involved in an 
unusual but severe hemolytic process which results when susceptible 
persons are exposed to the fava bean or its pollen. This disease, favism, 
is being recognized with increasing frequency in this country. 

Hemolytic anemias of sudden onset and marked severity may follow 
exposure of the erythrocytes to many toxic substances. Naphthalene and 
the sulfonamides may be responsible for extensive erythrocyte destruc- 
tion in susceptible persons. Certain bacteria produce potent toxins 
which may lead to sudden severe hemolysis; E. coli, hemolytic strepto- 
cocci and Clostridium welchii are common offenders. Therapeutic 
measures in these acute, toxic hemolytic anemias are aimed at removal 
of the offending toxin and, if necessary, supportive whole blood 
transfusions. 
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MUCOVISCIDOSIS AND THE 
CELIAC SYNDROME 


HARRY SHWACHMAN, M.D. 


En this presentation we shall differ- 
entiate idiopathic celiac disease from mucoviscidosis, two diseases of 
obscure etiology. The pediatric literature of the past fifty years is rich 
in articles dealing with celiac disease. ‘The articles dealing with cystic 
fibrosis of the pancreas (referred to as mucoviscidosis since 1943) did 
not appear until the late 1930's and currently occupy a prominent place. 
Prior to 1938 many cases of mucoviscidosis were wrongly labeled celiac 
disease, and these patients usually failed to respond or responded only 
temporarily to a variety of therapeutic regimens. Death was often 
attributed to a complication such as bronchopneumonia. Death from 
idiopathic celiac disease is extremely rare—no such case is recorded 
in the files of our hospital. 

Mucoviscidosis is a clearly defined disease entity. The clinical mani- 
festations may vary considerably, and only rarely do patients with this 
disease present a clinical condition similar to that of celiac disease. 
To distinguish these two diseases is of paramount importance because 
of different therapeutic aims and prognosis. It is important to make 
the correct diagnosis because of the genetic, economic, social and psy- 
chologic implications. 

In view of the varying and loose use of the terms “celiac syndrome” 
and “celiac disease,” it may clarify further discussion by defining our 
use of these terms. The celiac syndrome refers to the presence of four 
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or five of the following symptoms or signs in any one patient: (1) 
insidious onset in late infancy or early childhood; (2) the passage 
of large, pale, offensive stools; (3) muscular wasting, chiefly of the 
buttocks and extremities; (+) large protuberant abdomen; (5) stunting 
of growth; (6) irritability. 

“Celiac syndrome” is not a diagnosis. The term is justified in that 
it implies or suggests a plan of attack in the study of the patient. 
A variety of conditions or states such as are presented in the following 
list may be responsible for producing the “celiac syndrome:” (1) 
congenital anomalies (Hirschsprung’s disease, malrotation of the cecum 
or other gastrointestinal anomalies, anomalies of the genitourinary 
tract), (2) chronic infections, (3) parasitic infestations, (4) secondary 
to mesenteric lymph node enlargement, (5) gastrointestinal allergy, 
(6) other possible causes (hypothyroid-hypoadrenal), (7) pancreatic 
lesions, (8) psychogenic factors, (9) “idiopathic” celiac disease (Gee- 
Thaysen’s disease). 


DIAGNOSIS 


A variety of laboratory investigations must be performed if one at- 
tempts to uncover the fundamental disturbance which results in the celiac 
syndrome. One rules out congenital abnormalities of the gastrointestinal 
and genitourinary tracts by appropriate x-ray studies. In considering 
the possibility of chronic infection one is obliged to perform a variety 
of tests such as stool cultures, urine cultures, blood cell counts, sedi- 
mentation rate, serum agglutination reactions, tuberculin tests, and so 
on. The stools are examined microscopically for starch, fat and undi- 
gested food particles and also for the presence of ova and parasites. 
The stools may also be examined for tryptic activity and for total fat 
content. Pancreatic function is determined by appropriate laboratory 
examinations. As one eliminates many of the readily accessible causes 
for the complaints he is left with the remaining possibility, difficult to 
assess, of psychogenic factors. The link between this area and idio- 
pathic celiac disease is sufficiently close to list them tentatively under 
one heading. 

Unfortunately there is no one positive test or group of tests which 
establishes the diagnosis of idiopathic celiac disease. Nevertheless the 
disease has numerous characteristic features clinically, biochemically 
and psychologically. The disease runs a well defined course following 
certain therapeutic procedures with a predictable outcome. A youngster 
with this disease is shown in Figure 29. Note the wasting, the pro- 
tuberant abdomen and the general unhappy attitude. This child was 
robust only three months previous to the onset of her illness. A variety 
of therapeutic approaches will restore her to good health. 
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There is usually no difficulty in recognizing this type of patient when 
all the typical features are present. When the symptoms are of a mild 
degree, however, or when the condition of nutrition is only slightly 
affected or when the stools are not greatly altered, the diagnosis is 
indeed uncertain and often hazardous to make. Perhaps some of these 
patients represent a mild form of the disease, some may recover spon- 





Fig. 29. Patient with idiopathic celiac disease. Onset at 12 months, diagnosed at 15 
months, and treatment instituted. Photograph taken at 16 months. 


taneously, and others may progress to the classical picture. The inci- 
dence of mild or borderline cases in which the diagnosis is difficult to 
establish seems to be more prevalent today than that of the so-called 
typical cases. We have the impression, supported by that of our col- 
leagues, that the incidence of idiopathic celiac disease is less today 
than in former years, not only in our country, but in other countries 
as well, especially England and the Netherlands. I specifically mention 
these two areas because of the great advance made in these countries 
in the study of the deleterious action of wheat gluten and rye in patients 
with celiac disease. 
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Mucoviscidosis, on the other hand, is a disease which is being recog- 
nized with increasing frequency in many parts of this country as well 
as in other countries. It is no longer considered a rare disease, and the 
incidence i many communities far exceeds that of idiopathic celiac 
disease. In contrast to celiac disease, this condition can be readily 
diagnosed by appropriate laboratory studies. It is clear, as a result 
of greater experience, that many children with mucoviscidosis do not 
present the original description of marked nutritional failure with 
extensive pulmonary infection and early death. ‘That many mild cases 
exist is now well established. It has also been shown that the mani- 
festations of the disease need not be present at or shortly after birth. 

The attractive pathologic physiologic concept of Farber and Wol- 
bach—that this is a disease in which the chief alteration is one involving 
mucus-secreting glands—lends support to the types of clinical pictures 
one may see in this disease. The mucus-secreting glands in the main 
organs involved, lungs and pancreas, need not be affected to the same 
degree. For example, one may see a child in whom the chief symptoms 
of the disease are referable to the lungs, whereas another child may 
present evidences of pancreatic insufficiency and nutritional failure 
with relatively little pulmonary involvement. However, the pulmonary 
and gastrointestinal manifestations coexist in most patients. ‘The 
outcome in each case depends upon the degree to which the organs are 
affected, particularly the lungs and also on the rate of progression of 
the lesion. If we are dealing with a relatively mild condition and if 
therapy is instituted early, the outlook is much more hopeful than in 
the case first diagnosed in late infancy with far advanced and irreversi- 
ble pulmonary lesions. The outcome appears to be more dependent 
upon the degree of the pulmonary lesion than upon the changes in 
the pancreas. For this reason greater emphasis is paid to the manage 
ment of the pulmonary involvement than to the gastrointestinal dys- 
function, although this too is taken into account in our over-all plan 
of therapy. 


DIFFERENTIAL DIAGNOSIS 


In presenting the various features which differentiate the patient 
with idiopathic celiac disease from the patient with mucoviscidiosis 
Table 10 may be helpful. A review of some of the headings follows. 


Family History 


Celiac disease may occasionally affect more than one member in a 
family, although in most of our families only one child is affected. 














raBLE 10. Differential Diagnosis 


CELIAC DISEASE 


of lidiopathic Celiac Disease and Mucoviscidosis 


MUCOVISCIDOSIS 





Family history. 
Age at onset..... 


Symptoms and signs 


1. 


2. Nutritional 
Appetite . Usually disturbed, an- 
orexia, poor appetite 
Vomiting Present in most 
Stools. . . Abnormal, bulky, 
foul; may be liquid 
Potbelly . Present 
Weight .. Fails to gain or lose 
Growth . Retarded 
Crisis sh . Yes 
3. Secondary deficiencies 
Vitamins 
We che ttaen acakias .... Rare 
Niacin, thiamine, ribo- 
EN saccs areas + wo. warnare Possible 
Ascorbic acid............Mare 
er Rare 
EERSTE SS Aare Rare 
er Sa alk S18 bomen .Probably more com- 
mon than 
recognized 
Minerals 
Calcium (Tetany)....... Possible 
Iron.... . Yes 
Protein eis . Occasionally 
4. Psychic disturbances -Irritable, withdrawn, 
depressed, negati- 
vistic 
Autonomic system imbalance 
ee Often marked 
eee .Often present 
5. Meconium ileus....... .No 
Laboratory 
1. Duodenal fluid 


Respiratory 
Cough, wheezing, bron- 
chitis, sinusitis, emphyse- 
ma, bronchiectasis, 

clubbing 


ars ot eotek<denens 


0 ee are 

Enzymes 
Amylase 
Lipase 


.Occasionally positive 
Between 8 mos. & 
2 yrs. 





. Absent 


Volume/unit time 
normal or increased 
Normal 


. Normal 
.Normal 
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Often positive 
Usually before 6 mos. of 
age 


Present in 95% of patients: 
severity depends on de- 
gree of pulmonary in- 
volvement 


Excessive appetite 


If present, usually follow- 
ing paroxysm of cough- 
ing 

Abnormal, bulky, odor at 
times characteristically 
foul; rarely liquid 

May or may not be present 

Fails to gain or lose 

Retarded 

No 


Possible 


Possible 

Rare 

Rare 

Rare 

Probably 5 to 10% of 
patients 


Rare 

Less common 

Occasionally 

Usually good disposition, 
cranky when ill 


Not much 

Usually marked 

Presenting feature 
10% of total cases 


in 5- 


Decreased 


Increased in about 90% of 
patients 


Absent to very low 
Absent to very low 








TABLE 10 (Continued) 


CELIAC DISEASE 


MUCOVISCIDOSIS 





Se ae 
Trypsin...... Se 
Carboxypeptidase 
Response to pancreatic 
stimulation 
Secretin I.V.... 
Olive oil-duodenal 
instillation....... 
2. Stools 
r'rypsin a as oe whale 


Nitrogen véeeueee e ‘ 

Fat... Oe eee 
Oral glucose tolerance 

curve. 


ww 


4. Total lipids and 
cholesterol a 

5. Fasting vitamin A in 
plasma 


ON 


Fasting carotenoids 
Oral vitamin A 
absorption 
Alcohol. 
Oleum percom. 
ester 
8. Oral fat absorption 
(chylomicron) 
9. Gelatin absorption test 
10. X-ray 
I ohiba darts Gee ncn 


Small intestine 
radiography... 
Long bones an 


Retarded development. ... 


11. Bacteriologic 
nasopharyngeal cultures 


12. Sweat electrolytes 
Therapy 

Antibiotics and chemotherapy 

Dietary , : 

Pancreatic substitution 

Psychologic 


Prognosis 
Immediate...... 
Future 


Reversibility “i 
Postmortem changes. . . 


Clinical Variants 
Mild cases 


Partial pancreatic insufficiency. 


. Normal 
. Normal 
Normal 


Normal 


.. Normal 


. Present 


Not increased 
Increased 


. Flattened 


. Low 


Low normal in approx. 


80% 
Reduced 
Low rise 
Low rise 


Reduced 


Normal 


. Negative 


Abnormal with BaSo, 
Poor mineralization 
5 


.Not significant 


Normal 


Not important 
Very important 

Of no value 
**Special’”’ emphasis 


Good 

Very good 
fatal 

Usually complete 


rarely 


. Nonspecific 


. Yes 
.No 


Absent to very low 
Absent to very low 
Absent to very low 


Abnormal 
Abnormal 


Absent in about 85% of 
patients prior to therapy 

Increased 

Increased 


Normal in over 80° of 


cases 
Low 
Below normal in 80° 


Greatly reduced 


Good rise 
Barely perceptible rise 


Reduced 


Abnormal 


Emphysema and _atelec- 
tasis early 


+ or negative 
+ or usually — 
+ or rarely — 


Staphylococci in most 
cases 
Elevated 


Prime importance 

Very important 

Usually beneficial 

As in any other very ill 
child 


Often good to excellent 
Very poor 


No 

Characteristic changes in 
pancreas, lungs, and 
elsewhere 


Yes 
Yes 
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There have been instances when one of twins had celiac disease. Many 
investigators agree that genetic or constitutional factors may play a 
role in this disease. The recent suggestion by Anderson working in 
Montreal that there may be a higher incidence of diabetes in families 
with this condition requires further study and the collection of more 
data. 

As regards the family history in mucoviscidosis the picture is much 
more striking. ‘I'he presently accepted hypothesis is that this is a dis- 
ease inherited as a mendelian recessive trait. There are many families 
in which one of four or five children are affected. There are other fami- 
lies in which each of four children had this condition. In any one 
family the presence of the disease in the first child does not necessarily 
indicate that the second, third or fourth child may be similarly affected. 
A recent excellent presentation of the familial incidence by C. O. 
Carter is found in Martin Bodian’s book, Fibrocystic Disease of the 
Pancreas. 


Age at Onset 


The usual onset of idiopathic celiac disease is at nine or ten months 
of age; occasionally symptoms appear earlier. One would hesitate to 
make this diagnosis in an infant four or five months of age or in an 
older child with onset after four years of age. In this latter group some 
other underlying pathologic process is usually present. The initial symp- 
toms may be anorexia, vomiting or a flattening of the weight curve. 
The disease starts later in breast-fed than in artificially fed infants. 

Symptoms in patients with mucoviscidosis usually appear before six 
months of age. Their absence at this age, however, does not rule out 
the possibility that symptoms may not develop at a later age. In approxi- 
mately 70 per cent of our patients evidence of abnormal gastrointestinal 
function and/or respiratory disturbance was noted before six months 
of age. 


Symptoms and Signs 


Respiratory. It is common for the patient with mucoviscidosis to 
have some type of respiratory disturbance in which abnormal mucus 
production and cough are present. Sometimes the cough is paroxysmal 
and suggestive of pertussis. Indeed some infants have been admitted 
to the Isolation Service of our contagious diseases unit with the diag- 
nosis of whooping cough. Repeated attacks of upper respiratory infec- 
tion or bronchopneumonia are common. Pulmonary emphysema 
associated with varying degrees of atelectasis is also commonly observed. 

The child with idiopathic celiac disease, on the other hand, does not 
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have a history of chronic respiratory infection. If he has a respiratory 
infection, it is an incidental event and not a part of the disease process. 
In many cases, however, the celiac symptoms may be worsened or an 
exacerbation of the disease precipitated by an infection, be it respira- 
tory or otherwise. Examination of the lungs is therefore imperative, 
since the child with celiac disease is relatively free of evidences of per- 
sistent or chronic pulmonary involvement. 

Nutritional Disturbances. One of the striking contrasts between these 
two diseases is in “appetite.” The patient with mucoviscidosis has an 
excessive appetite and is constantly hungry, whereas the patient with 
celiac disease suffers from anorexia and, when urged to eat, may vomit. 
The child with mucoviscidosis rarely vomits, and when he does, it 
usually follows a coughing spell. The voracious appetite so common 
in mucoviscidosis may diminish considerably when the pulmonary in- 
fection becomes extensive or when the patient is acutely ill for some 
other reason. 

There are distinctive differences in the two diseases from the view- 
point of gastrointestinal function. The stools are seldom liquid in a 
patient with mucoviscidosis, whereas in the acute phase of celiac dis- 
ease they may be liquid. The total number of movements per day 
may be the same in both conditions, although in the acute phase of 
celiac disease they may number fifteen or twenty, a number seldom 
reached in mucoviscidosis. ‘The odor of the feces is more oppressive and 
often distinctive in mucoviscidosis. In both diseases one may note 
excess fat and oil on gross inspection as well as increase in bulk and 
the presence of undigested food particles. 

The “potbelly” has been emphasized as one of the cardinal features 
of children with idiopathic celiac disease. The abdomen need not be 
protuberant in the infant with mucoviscidosis. When it is prominent, 
it seldom reaches the same degree of prominence as seen in celiac 
disease. 

Another symptom rarely mentioned is prolapse of the rectum. We 
have observed rectal prolapse in over 5 per cent of our patients with 
mucoviscidosis and can hardly recall its occurrence in idiopathic celiac 
disease. 

In reviewing the weight curves in these two groups of patients one 
is immediately struck with the slow gain from the very beginning in 
many patients with mucoviscidosis. Failure to regain birth weight in 
the usual time may be one reason for consulting the physician. Only 
rarely will the untreated patient with mucoviscidosis follow the fiftieth 
percentile weight curve. On the other hand, in idiopathic celiac disease 
the weight gain in the first seven or eight months is satisfactory. The 
flattening out of the weight curve may antedate many of the other 
symptoms, as was pointed out by Blackfan over twenty years ago. 
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Hydrolability is another feature of celiac disease. It is not uncommon 
for a patient to gain ten or twelve ounces one day, only to lose an 
equivalent amount the following day. These marked fluctuations in 
weight are uncommon in patients with mucoviscidosis. The retardation 
in growth is present in both groups of children when they are first 
seen during their illness. 

The clinical course of celiac disease may be marked by the rare 
occurrence of “crises.” These are most often associated with the onset 
of an acute infection, some dietary indiscretion or emotional trauma. 
We have seen it occur a few times shortly after the child was first 
discharged from the hospital. The “crisis” is characterized by refusal to 
eat, with or without vomiting, profuse diarrhea and marked weight loss 
which leads to severe dehydration and shock. This type of reaction is 
not seen in patients with mucoviscidosis. However, the latter group 
may be subject to heat exhaustion with excessive loss of fluid and 
electrolytes when exposed to high external temperatures. 

Secondary Deficiencies. Deficiencies sufficient to produce manifest 
symptoms are uncommon. On the other hand, subclinical deficiencies 
are probably common. The deficiencies of the fat-soluble vitamins 
result in part from failure to absorb these substances. It is of interest 
to recall that the first cases of vitamin A deficiency reported in the 
human being were in infants with mucoviscidosis. Rickets and hy- 
pocalcemic tetany have been noted in a small number of patients with 
idiopathic celiac disease. At present we cannot recall observing this in 
patients with mucoviscidosis. Hypoprothrombinemia due to vitamin K 
deficiency with gross bleeding has been observed in both groups of 
patients. Iron and folic acid deficiencies are seldom seen in children 
with mucoviscidosis. These deficiencies are more often observed in 
patients with celiac disease. The pigmentation and dermatitis occasion- 
ally seen on the dorsum of the hands in patients with severe celiac 
disease may represent the result of multiple deficiencies rather than of 
nicotinic acid alone. 

Psychic Disturbances. Dane Prugh and I have emphasized the role of 
the emotional factors in relation to the symptoms of celiac disease and 
in the occurrence of exacerbations and remissions. There is a disturbed 
relationship between the infant with idiopathic celiac disease and his 
mother. Most of the mothers present a picture of anxiety, and have a 
rigid personality structure and ambivalent feelings toward the patient. 
The child is usually irritable and negativistic, and often appears to be 
depressed and apathetic. The child with mucoviscidosis, on the other 
hand, does not have any fixed pattern of behavior. Some are cranky 
when ill, some are happy and jolly, and others are demanding and 
spoiled, but they do not present the almost uniform picture which is 
seen in the children with celiac disease; nor do their mothers present 
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the same pattern of response. We are giving considerable study to this 
aspect of the disease, which will be the subject of a future report. 

Meconium Ileus. The earliest manifestation of mucoviscidosis is meco- 
nium obstruction of the small intestine noted during the first forty-eight 
hours of life. The roentgenogram of the abdomen will often suggest this 
diagnosis. Surgical correction is usually necessary, the mortality varying 
from over 60 to 100 per cent in different clinics. Those who survive soon 
exhibit the clinical features of mucoviscidosis. We have under observation 
over ten patients who had meconium ileus at birth. 


Laboratory Investigation 


This will readily and conclusively differentiate celiac disease from 
mucoviscidosis. The patient with mucoviscidosis presents characteristic 
changes in the aspirated duodenal fluid. The fluid obtained is usually 
decreased in volume, has an increased viscosity (in approximately 90 per 
cent of patients studied) and has absent to extremely low values for 
various digestive enzymes. The enzymes specifically measured are 
amylase, lipase, esterase, trypsin and carboxypeptidase. We have noted 
that patients with idiopathic celiac disease often have an increased 
volume of duodenal fluid per unit of time as compared to the normal 
healthy youngster of the same age. The viscosity of the fluid is normal, 
and the various digestive pancreatic enzymes are present in normal 
amounts. It should be pointed out that amylase is normally absent from 
the duodenal fluid in infants under five months of age, and that its 
absence is not of diagnostic value under this age. The other enzymes, 
however, are present in fairly good concentration shortly after birth 
and even in premature babies. 

In studying the duodenal fluid in children with nutritional disorders 
we have not been able to separate a group of patients in whom the 
reduction of the amylase was considered a specific or significant finding 
in relation to the clinical condition of the patient. The same holds true 
of lipase. Although the routine examination for all three types of 
digestive enzymes is advisable, the examination for tryptic activity is 
usually sufficient to establish the diagnosis of pancreatic insufficiency. 
Rarely, however, the absence of enzymes may be due to congenital 
hypoplasia of the pancreas, to pancreatic duct obstruction (extrinsic 
and intrinsic) or some other pathologic process (hemachromatosis, 
syphilis, and so on). 

A current problem concerns the limitation of our methods as regards 
the assay of pancreatic function in view of the great reserve power of 
this organ. We know, for example, that approximately 75 per cent of 
the pancreas can be removed without resulting in striking digestive 
disturbances. In other words, the amount of trypsin, lipase and amylase 
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produced by the remaining 25 per cent of the pancreas may be sufh- 
cient for marginal nutritional adequacy. Inasmuch as our tests for pan- 
creatic enzymes are not quantitative, we are unable to determine the 
amount of functioning acinar tissue. Nevertheless we may expect 
quantitative changes in enzyme activity when the remaining functioning 
tissue is greatly reduced as it must be in some patients with mucovisci- 
dosis. This may explain our findings in a group of children with a condi- 
tion we have labelled mucoviscidosis with partial pancreatic insufficiency. 

Although the examination of the duodenal fluid is the most reliable 
procedure in establishing the diagnosis of pancreatic insufficiency, a 
number of indirect methods have been devised in an effort to circum- 
vent the procedure of duodenal intubation. ‘The duodenal intubation is 
relatively easy to perform in an established clinic where interest in 
nutritional problems of infants exists. On the other hand, it may be a 
formidable procedure and an unpleasant experience for the patient 
when the duodenal intubation is attempted by an inexperienced oper- 
ator. For this reason indirect tests have been devised, such as the 
screening test for stool trypsin. The presence or absence of trypsin in 
the stools is determined by applying the stool emulsion to an unde- 
veloped x-ray film. If the gelatin on the film is dissolved by the stool 
emulsion after an appropriate period of incubation, trypsin is present. 
If the gelatin emulsion remains undisturbed, trypsin is absent. This test 
is used as a screening test and in our hands is reliable in approximately 
85 per cent of the patients studied in whom mucoviscidosis is suspected. 
If one subjects the stools to chemical analysis, one will find in patients 
with mucoviscidosis an increase in both fat and nitrogen excretion; 
whereas in patients with idiopathic celiac disease one obtains an 
increase in fat and not in nitrogen. The oral glucose tolerance test is 
flattened in children with celiac disease, whereas in the majority of 
patients with mucoviscidosis it is normal. The total lipids and choles- 
terol may be low in both conditions, as is the plasma vitamin A and 
carotenoids. 

Recent studies by Kagan and Katsampes and others have shown that 
both vitamin A in alcohol and the ester form are poorly absorbed in 
children with celiac disease. On the other hand, vitamin A in alcohol 
in patients with mucoviscidosis is absorbed much better than the alde- 
hyde. Katsampes found that the vitamin A aldehyde, when given orally, is 
absorbed like the alcohol and may be useful as a diagnostic aid. Children 
with celiac disease show poor absorption of all three forms of vitamin A, 
whereas patients with mucoviscidosis show poor absorption of vitamin 
A acetate and much better absorption of the alcohol or aldehyde. 

Clinically, a useful test for the study of fat absorption involves the 
counting of chylomicrons in the blood and noting the change that 
occurs following a fat feeding. The results of tests using this technique 
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are comparable to other methods and in general reveal much “flatter” 
curves in patients with mucoviscidosis than in those with celiac disease. 

Techniques for the study of the digestion of proteins have been de- 
scribed and find clinical application in the study of patients with sus- 
pected pancreatic insufficiency. The tests are based on the measure- 
ment of the rise in plasma amino nitrogen or glycine following an oral 
test feeding of casein or gelatin. ‘he test we use is as follows: 1.74 
gm. of gelatin per kilogram dissolved in warm water are given to the 
fasting patient. A fasting venous blood and a one and one-half hour 
sample are drawn in heparin. The plasma glycine is measured in each 
sample. In a healthy infant, as well as in patients with idiopathic celiac 
disease, the postprandial glycine nitrogen value is at least three times 
the fasting value. In patients with pancreatic insufficiency, because of 
the poor breakdown of the gelatin due to lack of trypsin, there is a 
slight rise in the postprandial glycine value. Still another and more 
recent method for the study of protein absorption described by Litvak, 
Chinn and others involves the use of radioactive iodine incorporated in 
the test dose of protein. In patients with defective protein digestion 
more radioactivity is found in the stools than in healthy control patients. 

X-ray examination of the chest is helpful in the study of patients 
with mucoviscidosis. ‘The appearance of the chest film may suggest the 
diagnosis. We have often had the experience of noting minimal or 
even negative findings by physical examination of the chest only to find 
definite alterations as emphysema and atelectasis demonstrable by 
roentgenogram. On the other hand, some children with mucoviscidosis 
will have perfectly clear lungs by roentgenogram. The progression of 
the pulmonary involvement, in which mechanical and infectious aspects 
operate, can best be followed by serial films. 

Another useful application of the x-ray is the study of the small 
intestinal pattern following the ingestion of barium sulfate. This test 
was considered useful in the past in the study of patients with idiopathic 
celiac disease. However, the demonstration that the changes noted, the 
clumping and abnormal progression of barium, were not specific effects 
makes this procedure of less diagnostic value than was formerly appre- 
ciated. It is of interest that many patients with mucoviscidosis show a 
normal gastrointestinal pattern when studied in this way. 

Bacteriologic Studies. It is of more than passing interest that in 
practically every child with mucoviscidosis the nasopharangeal culture 
prior to therapy reveals Staphylococcus aureus. Following intensive 
antibiotic therapy the flora may alter in that the predominant gram- 
positive flora is replaced by gram-negative organisms and by fungi. Prior 
to the liberal use of antibiotics many patients with mucoviscidosis 
showed evidence of staphylococcal infection of the lungs and pleural 


spaces. 
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THERAPY 

The beneficial effects of the administration of antibiotics and chemo- 
therapeutic agents is well recognized in the management of patients 
with mucoviscidosis. We feel that the therapy should be continuous in 
those children with demonstrable pulmonary lesions who have symp- 
toms as a result of the pulmonary involvement. When the lung change 
is minimal or the symptoms are relatively mild, it may be best to treat 
intermittently with the broad-spectrum antibiotics. In idiopathic celiac 
disease, antibiotics and chemotherapeutic agents exert no special effect. 
One would give these agents as in any child should an infection de- 
velop. 

Substitution therapy by means of pancreatic preparations is of no 
value in idiopathic celiac disease, whereas it is highly beneficial in 
most patients with mucoviscidosis. 

Dietary therapy in the treatment of patients with idiopathic celiac 
disease has long been recognized as one of the most important aspects 
of therapy. The emphasis regarding specific foodstuffs up to recent 
times has varied from one clinic to another, so that no general agree- 
ment resulted. One group claims beneficial effects with low carbohy- 
drate and low starch diets, others stressed low fat intake, and still others 
advocate both low starch and fat diets. In general, it is felt that a high 
protein diet with adequate calories and water-soluble vitamins is bene- 
ficial. The recent demonstration, first by Dickie and confirmed in 
England by Anderson and others, of the deleterious effects of wheat 
glutens and rye has added a new chapter to this aspect of therapy. The 
dietary therapy introduced at The Children’s Hospital by Blackfan is 
still in use and is of interest because wheat and rye were excluded long 
before any specific deleterious effects were demonstrated. Our dietary 
policy in patients with mucoviscidosis is a more permissive one and 
varies greatly, depending on the eating habits of the family, the likes 
and dislikes of the child and the reaction of the patient to the ingestion 
of everyday food items. In general we advise a high calorie diet which 
is also high in proteins. We limit fat only as it interferes with the 
bowel pattern of the child and in general suggests a slight reduction 
in fat to a quantity not exceeding approximately 60 gm. a day. Specific in- 
struction to avoid butter, cream, ice cream, mayonnaise, french fried pota- 
toes and peanut butter is offered. However, if some of these foods are 
tolerated, we permit occasional indulgence. We do not offer weighed 
diets or specific food lists. In small infants we may suggest the use of 
amino acid supplements or skim milk to which dried skim milk powder 
and sugar have been added. Most of our patients tolerate homogenized 
milk. The others may be given 2 per cent milk or fat-free milk as 
indicated in the individual patient. 

We feel that there are so many problems in the management of 
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this disease that any simplification, the avoidance of unnecessary re- 
strictions or hardships, provided no injury results, is sound advice. In 
the management of any chronic illness we feel that the mother should 
be able to communicate to her physician the many problems that con- 
front her. This is particularly true in idiopathic celiac disease, in which 
patience and constant reassurance are necessary. 


PROGNOSIS 


In idiopathic celiac disease the prognosis is good, with complete 
clinical improvement in most cases. The illness may last from months 
to a few years. One may prepare parents at the very beginning by out- 
lining the chronicity of the disease and good outlook. On the other 
hand, in mucoviscidosis the prognosis is still bad so far as long-term 
results are corcerned, but the immediate results are often dramatic. 
Many children have been restored from invalids to practically normal 
children by our regimen. How long some of these children will remain 
in good health and carry on like normal healthy children remains to 
be seen. On the other hand, those with far advanced disease can be 
helped very little. To present a mother, at her first visit, with a hopeless 
prognosis seems to be a poor policy, one which need not be true if 
further progress in the treatment of this disease should appear. 


CLINICAL VARIANTS 


The final item listed in Table 10 is Clinical Variants. We have 
previously indicated that mild cases of idiopathic celiac disease probably 
occur and that we are at a loss to make a diagnosis in these instances 
with assurance. However, mild cases of mucoviscidosis can be recog- 
nized. These patients have the typical laboratory evidences of the dis- 
ease, yet have little by way of symptomatology. We label them mild 
because of the paucity of symptoms and not on the basis of a partial 
pancreatic insufficiency. Our attention was drawn to partial pancreatic 
insufficiency as a result of studying siblings of our patients with muco- 
viscidosis as well as by observing an occasional patient whose appearance 
was that of a healthy child, yet who had absent duodenal enzymes on 
more than one occasion. The entity of partial pancreatic insufficiency 
refers to a sizable group of patients now under study who show the 
clinical features of mucoviscidosis, yet have partial reduction in pan- 
creatic enzyme activity. They may show a decreased response of 
pancreatic enzyme activity to intraduodenal stimulation with olive oil. 
In most cases the viscosity of the duodenal fluid is increased above 
normal. 

It may appear from a study of Table 10 that the differential diagnosis 
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should be easy. However, there are times when confusion may arise, 
especially when dealing with the possibility of laboratory errors. Inas- 
much as the assay of duodenal fluid may mean so much, the greatest 
care should be taken to provide the laboratory with a proper specimen. 
Should there be any question as to the nature of the specimen or the 
technique of assay, repeat examination is urged. We have seen a num- 
ber of children diagnosed as having mucoviscidosis who did not have 
the disease. However, the number diagnosed as having some other 
condition who actually had mucoviscidosis exceeds the former group at 
least fifty-fold. 

To rely entirely on the results of a stool trypsin examination or on 
the vitamin A absorption test is not advocated. It should be pointed 
out that once the duodenal enzymes are shown to be absent, they will 
remain absent. Should the physician lack proper facilities for estab- 
lishing the diagnosis in a suspicious case, he should attempt the thera- 
peutic response which includes the use of wide-spectrum antibiotics and 
replacement therapy. However, we do not recommend deferment of 
duodenal fluid examination while watching and waiting for the infant 
to exhibit more typical signs of the disease. It is this situation which 
leads to the development of irreversible pulmonary changes and which 
could in part be prevented during this so-called observation period. It 
appears to be a much better policy to establish the diagnosis as soon 
as one’s suspicion is aroused than wait for classical symptoms to appear. 


300 Longwood Avenue 
Boston 15, Mass. 











SPECIFIC TREATMENT OF INFECTIOUS 
DISEASES 


FREDERICK C. ROBBINS, M.D. 
ROBERT M. EIBEN, M.D. 


Current therapy of infectious diseases 
includes the use of antimicrobial agents, immune substances and hor- 
monal preparations. We shall discuss the use of these agents in certain 
of the infections commonly encountered in children. In Table 11 are 
summarized recommendations concerning the therapy of a wide variety 
of infectious diseases, and in Table 12 are presented the dosage ranges 
and routes of administration of the antimicrobial agents most com- 
monly used. 

Certain rather simple rules should govern treatment with antimi- 
crobial substances. These we shall review briefly. 

1. The therapeutic agent should be selected on the basis of the 
probable infecting organism. Therapy can be modified later when the 
results of the culture become available. The causative organisms of 
some of the more common infections are indicated in Table 13. 

2. The agent should be administered in adequate dose, properly 
spaced and by a route that is effective. 

3. Therapy should be maintained long enough to be effective in the 
particular situation. 

4. A single agent should be given whenever possible, and treatment 
should not be changed until an adequate period of observation has 
elapsed. 

5. It is desirable to select the effective agent that is the least expensive 
and can be administered with a minimum of discomfort to the patient. 


ACUTE RESPIRATORY DISEASES 


Without doubt the physician caring for children sees more patients 
with various types of acute respiratory infection than with any other 
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TABLE 1]. Efficacy of Therapeutic Agents in Specific Infectious Diseases 
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DISEASE FEE rRE? & 2 AGENTS OF THERAPY 
Bacterial 
Brucellosis ( Ci|A/|B/B 10-12 days 
Diphtheria \ B B'B \ 10 days and un- 
til negative 
, culture 
Bacillary | 
dysentery A B;A|A/|A/B 
H. influenzae 
infections' A B A!B/}A!|B/B ( 10 days 
Meningococcal 
infections| A|B +> B'|B!B!B Cortisone (? 10 days 
Pertussis' B|' CC, B/B/|B/B B 7 days 
Pneumonia A|A|B' A A/\A B 5-7 days 
Salmonella Resolution of 
infections B B}/B;|A/iB!C symptoms, + 
1 Ww eek 
Streptococcal J 
infections BA BB; B B 10 days 
Staphylococcal Resolution of 
infections B|' B B BBB \ symptoms, + 
10 days 
Tetanus ¢ cicie¢ B 
Tuberculosis A P.A.S.A.., Resolution + 
Isoniazide, 6 mos. at 
Iproniazide, | __ least 
= Promizole 
Tularemia AIAI|AIA 
Typhoid 21 days and un- 
fever C Ci A|¢ til culture 
negative 
Fungus 
Actinomycosis B B/B B > B/B 
Coccidioido- 
mycosis No recognized effective agent 7 
Hi 51 ae Ethyl 30-50 days in 
sstoplnemesis vanilate disseminated 
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TABLE 1] (Continued) 
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Protozoan 
} | Carbarsone, | 
hae Vioform, 
Amebiasis B A | . : 10 days 
} | Emetine, ‘ 
} | Chloraquine 
j | 
Rickettsial | Resolution of 
| 
dteesnse A| AIA symptoms + 
: 4—5 days 
~ a Re Oe - a ee 
Toxoplasmosis | No recognized effective agent 
Spirochetes 
Leptospirosis} B|' C | C|}C/|C 
Rat bite fever \ 2—4 days 
(Spirillum | | 
minus) | 
Syphilis A B;|B|B 100,000 U./ keg. 
| | total over 
5-15 days 
Viral 
| e re / > 
L. venereum B A|A/IA 
Psittacosis ;}A|[A]A| 
All others No recognized effective agent 
KEY: A = proved drug or drug of choice. 
B = effective agent. 
C = agent which shows some effectiveness. 


disease. Since the advent of sulfonamides and antibiotics many of these 
patients are treated presumably with the aim of preventing secondary 
infections or because it is not possible to be certain whether or not 
bacterial infection is contributing to the symptoms. It is well estab- 
lished, however, that the vast majority of these infections are not 
caused by bacteria, and, as a rule, the patient recovers uneventfully 
with no measures other than simple, symptomatic treatment. It would 
seem wise, therefore, to attempt to select those patients in whom bac- 
terial infection is of importance and to treat them accordingly. In the 
large group in whom this is not the case the use of antibiotics should 
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rABLE 12. Antibiotics and Chemotherapeutic Agents: Dosage Ranges 


ANTIBACTERIAL AGENT 


DOSE 


DOSAGE 
INTERVAL 





MODE OF 
ADMIN- 
ISTRATION 





Aqueous penicillin 


aqueous suspension 


Procaine penicillin 
with aluminum 
monostearate in oil* 


Dibenzylethylenedia- 
mine dipenicillin G** 
Streptomycin 
Dihydrostreptomycin 
Aureomycin 
Terramycin® 
Chloramphenicol® 


Erythromycin’ 


Polymyxin B sulfate® 
Sulfadiazine 
Gantrisin 


Triple sulfa 


5,000—10,000 
U./kg./day! 


300,000-600,000 U. 
daily 


300,000—600,000 U. 


600,000-—1 ,200,000 U. 


40-100 mg./kg./day 


uv 


‘day 
day 


kg. 
kg. 


50 mg. 
20 mg. 


uw 


50 mg./ke. 
ke. 


day 
day 


ru 


5-20 mg. 


50-100 mg./kg./day 


40 mg./kg./day 


25-35 mg./kg./day 
(300--600 mg.) 


.0-2.5mg./kg 
10 mg. 
5 


mg. daily 


2 day 
4 

2 

0.1-0.2 gm./ 
kg./day 


/ 


0.1-0.2 gm. 
kg./day 


0.1-0.2 gm./ 
kg. /day 


40-100 mg./kg./day 


3 hrs. ; occasionally 1, 


2 and 4 hrs. 


_ 


2 injections in 24 
hrs. 


—_ 


injection every 3rd 
day 


Single injection at 2 
or 4 week intervals 


12 hrs. ; occasionally 
6 hrs. 


12 hrs. ; occasionally 6 
hrs. 

6 hrs. 

8 hrs. 

6 hrs. 


8-12 hr. intervals 


4-6 hrs. 
6 hrs. 


6 hrs. 
6-8 hrs. 


6 hrs. 
4 hrs. 


4 hrs. 


4 hrs. 


4 hrs. 


Orally, I.M., 
LV. &LT.* 


I.M. only 


I.M. only 


I.M.-orally 


I.M.-orally 
LV. @&Lts 

I.M.-orally 
LV... &3.F.* 

Orally 

BY. 


Orally 
iY. 


Orally 
LV. 


Orally 
L.V. 


I.M. 

Orally 

hy 8 

I.V., orally, 
subcu- 
taneously 


I.V., orally, 
subcut., 


I.M. 


Orally 





* These drugs are not used in treating meningitis or subacute bacterial endocarditis. 


'Much higher doses in meningitis and subacute bacterial endocarditis; buffered 


penicillin, oral dose is 3-5 times the I.M. dose. 


2 1.T. penicillin dose should not exceed 20,000 units when given. 

§ Dibenzylethylenediamine dipenicillin G in oral doses: same rule holds as if using 
buffered penicillin orally. 

*I.T. dose should not exceed 100 mg. 

° A new preparation for I.M. therapy. Recommend: 3-5 mg./kg./day. 

° The earlier intravenous preparation was recently discontinued. The manufacturer 


states that a new I.V. product is in preparation. 


? The I.V. preparation is for clinical evaluation only at this time. 
8 Polymyxin B sulfate is poorly absorbed from the gastrointestinal tract and must be 
given parenterally except in enteric infections. In serious cases of meningitides it must 


be given intrathecally because of poor transmission into the cerebrospinal fluid. 





FREDERICK C. ROBBINS AND ROBERT 


M. EIBEN 


409 


TABLE 13, Causative Agents Encountered in Common Infectious Diseases 


DISEASE 


MOST FREQUENT 


LESS FREQUENT 


INFREQUENT 





Bacterial meningitis 


Bronchiolitis 


Conjunctivitis 


Impetigo 
Infant diarrhea 


Laryngotracheo- 
bronchitis 


Osteomyelitis 


Acute otitis media 


Pharyngitis 


Pneumonia 


Sepsis neonatorum 


Subacute bacterial 
endocarditis 
Urinary tract infections 


H. influenzae 
Meningococci 
Tubercle bacilli 
Nonbacterial 


Pneumococci 
Staphylococci 


Hemophilus bacilli 


Streptococci 
Staphylococci 
Undetermined 


Undetermined 
H. influenzae 


Staphylococci 


Streptococci 
Pneumococci 
Staphylococci 
Nonbacterial 
Streptococci 
Pneumococci 
Nonbacterial 


E. coli 


Streptococcus viridans 


Colon bacilli 


Pneumococci 


E. coli 


H. influenzae 
Pertussis 
Nonbacterial 
Streptococcal 


Salmonella 
Shigella 
Streptococci 
Staphylococci 
Pneumococci 
Pneumococci 
Streptococci 


H.. influenzae 


H. influenzae 


Infectious mono. 


H. influenzae 
Streptococci 


Staphylococci 
Streptococci 


Streptococcus faecalis 


Staphylococci 
Aerogenes 
Enterococci 


Salmonella 
Streptococci 
Staphylococci 


Gonococci 


Pseudomonas 


C. Diphtheriae 


Salmonella 
Gonococci 

H. influenzae 
Meningococci 


H. hemolyticus 
C. diphtheriae 
Tubercle bacilli 
Staphylococci 
Fried ander’s 
bacilli 
Colon bacilli 
Pneumococci 
Gonococci 
Pseudomonas 
Proteus 
Gonccocci 
Meningococci 
Pseudomonas 
Proteus 


be avoided. The indiscriminate use of these materials leads to the sen- 
sitization of certain persons unnecessarily, increases the number of 
resistant organisms present in the community, and may on occasion 
mask a more serious infection such as meningitis, thereby delaying 
proper recognition and treatment until it becomes a more serious dis- 
ease than it might have been otherwise. 

Antimicrobial therapy, however, is clearly indicated for those patients 
with streptococcal pharyngitis or tonsillitis, acute purulent otitis media, 
acute cervical lymphadenitis, and pneumonia. 


Otitis Media 
A certain degree of reddening of the drum with vascular injection 
occurs in many patients in association with the common cold or non- 
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specific acute respiratory infections. Many of these are not of bacterial 
origin and represent the so-called acute catarrhal otitis media that sub- 
sides without any specific therapy. When there is evidence that suggests 
the presence of pus or fluid behind the drum, or when there is any 
doubt in the physician’s mind whether or not this may be a purulent 
infection, then chemotherapy is indicated. The bacteria that most fre- 
quently cause otitis media are streptococci, staphylococci, pneumococci 
and Hemophilus influenzae. The last is reported to be more commonly 
the cause of otitis media in infancy than in older children. Therefore, 
if no cultural data are available—and we might add that a throat culture 
or nasopharyngeal culture does not necessarily give reliable information 
concerning the possible infecting agent within the ear—the therapy 
should be so designed as to be effective against any one of these organ- 
isms. We most often use combined treatment with penicillin and 
sulfonamides for at least one week. Aureomycin and Terramycin are 
also effective, as is the combination of penicillin and streptomycin. 
Streptomycin is never given for longer than seventy-two hours, as 
recommended by Alexander,’ since it probably has little effect if given 
for longer periods and the possibility of toxicity is minimized. 


Streptococcal Infections 


The relationship between group A beta-hemolytic streptococcal in- 
fections and the subsequent development of rheumatic fever and acute 
glomerulonephritis gives these infections unique importance. Recent 
information would indicate that if streptococcal infections are promptly 
and adequately treated, the development of these serious complications 
can be prevented. ‘Thus it becomes of great importance for the physician 
to make every effort to diagnose accurately these infections. On clinical 
criteria alone it is not easy to diagnose streptococcal pharyngitis and 
tonsillitis, the most common manifestations of infection with these 
organisms. Sore throat and evidence of pharyngeal inflammation are 
not infrequently associated with other, less well defined acute respira- 
tory infections, but it is particularly difficult to distinguish acute ex- 
udative, nonbacterial tonsillitis or pharyngitis from streptococcal infec- 
tions. 

Certain clinical observations may be of assistance in making a tenta- 
tive diagnosis of streptococcal pharyngitis. The onset is often abrupt; 
gastrointestinal symptoms are not infrequent; the pharynx tends to ap- 
pear more inflamed; and soreness is more marked than in the usual 
acute respiratory infection. The white blood cell count may be of aid, 
since it is rarely above normal in the nonbacterial infection and is 
usually moderately elevated—12,000 or more, with a preponderance of 
polymorphonuclear cells—in the presence of streptococcal infection. 
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The only way, however, surely to make the diagnosis is by culturing 
the throat. In order for the culture to be significant, it should be planted 
within two or three hours after the throat has been swabbed. 

The results of the studies conducted by the Commission on Strepto- 
coccal Diseases® indicated that treatment with penicillin is superior to 
treatment with other agents in the prevention of rheumatic fever, and 
the Council on Rheumatic Fever and Congenital Heart Disease of The 
American Heart Association? recommends that penicillin be used for 
the treatment of these infections. Fortunately, there is no evidence that 
the beta-hemolytic streptococci develop resistance to penicillin. At 
present approximately eight to ten days’ therapy is considered optimal 
treatment of streptococcal infections. Treatment of this duration is 
not required to produce clinical remission. Often, untreated cases will 
be greatly improved within forty-eight to seventy-two hours, but ade- 
quate treatment is necessary in order to reduce the risk of rheumatic 
fever and nephritis as well as purulent complications. Therapy that 
would satisfy these requirements can be achieved in various ways: (1) 
procaine penicillin with 2 per cent aluminum monostearate, 300,000 
to 600,000 units every third day for three injections; (2) procaine 
penicillin, aqueous, 300,000 units daily for eight days; (3) oral penicil- 
lin, 200,000 units four to six times a day. Preferably, this should be 
administered on an empty stomach and continued for eight to ten 
days; (4) DEBD (N, N'-y dibenzylethylenediamine dipenicillin G), 
600,000 units intramuscularly, one injection. 

A single injection of DEBD appears to be the least expensive effective 
method of treating acute beta-hemolytic streptococcal infections and 
for the prevention of sequelae. It should also be pointed out that rapid 
elimination of the organisms from the throat of the patient, as achieved 
with penicillin therapy, is important in removing a source of infection 
in the family and the community. 


PURULENT MENINGITIS 


At present there are about as many programs for the treatment of 
purulent meningitides as there are experts in the field of infectious 
diseases. Several points require emphasis. One must practice consistency 
in the selection of the therapeutic agents, and fair trial of any regimen 
must be made. Alteration of therapy should be done only on the basis 
of careful clinical and laboratory assessment of the progress of the 
patient. Supportive measures are of great importance in addition to 
specific therapy. 

Cultures should be made of the cerebrospinal fluid and blood. In 
many cases a tentative diagnosis may be arrived at from careful ex- 
amination of a gram-stained smear of the cerebrospinal fluid. The fluid 











SPECIFIC TREATMENT OF INFECTIOUS DISEASES 


412 
should be examined also for the number and type of cells and for 
protein and sugar content. Observations of the cerebrospinal fluid 
during the course of the disease can be of great assistance in evaluat- 
ing the patient’s progress. Determinations of the sugar content of the 
fluid can be particularly helpful, since failure of this value to return 
to normal within twenty-four to thirty-six hours suggests that the 
treatment is not fully effective. 

In the general management of meningitis it should be pointed out 
that not infrequently within the first few hours after treatment has 
been begun signs may develop indicative of marked increase in intra- 
cranial pressure. These signs include vomiting, change in pulse rate, 
elevation of blood pressure, lapsing into coma, convulsions and, in 
infants, a tense, bulging fontanel. When these signs appear, it is our prac- 
tice to repeat the lumbar puncture and to remove cautiously enough fluid 
to reduce the pressure by approximately half. In some cases this is 
repeated as often as every two hours until the patient’s condition has 
stabilized. This is done in order to minimize cerebral anoxia, which 
may lead to permanent damage. 

Intrathecal therapy is a subject about which there are many different 
opinions. We no longer use it except in special circumstances, such as 
when polymyxin is given. The single instillation of 5000 units of 
aqueous penicillin in infants or 10,000 units in older children at the 
time of the first lumbar puncture is a procedure recommended by some 
and one that may well have merit, particularly in patients with over- 
whelming pneumococcal meningitis. 

Early in the course of treatment of patients with acute meningitis 
all the therapeutic agents that can be so given are introduced intra- 
venously, but as soon as possible oral administration is instituted except 
of penicillin, which is then given intramuscularly. Occasionally a naso- 
gastric polyethylene tube will permit introduction of medication into 
the stomach of an unconscious patient, provided he is no longer vomit- 
ing. 

The most commonly encountered organisms in primary bacterial 
meningitis are (1) H. influenzae, (2) N. meningitidis, (3) D. pneu- 
moniae and (4) E. coli. Staphylococcal and streptococcal infections are 
rare and are seen more commonly in secondary meningitides. Escheri- 
chia coli meningitis is most often seen in newborn or premature infants. 
The treatment schedules we have adopted for the various bacterial 
meningitides are presented. It will be noted that in spite of our previous 
statement concerning the use of a single agent whenever possible, we 
recommend combined treatment for most of the meningitides, for the 
following reasons: (1) Often the etiologic diagnosis is in doubt, and 
therapy must be designed to cover the various possibilities. (2) In 
such serious infections it is considered advantageous to use agents that 
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affect the organism in different ways. Penicillin and streptomycin, in 
adequate doses, are bactericidal and are probably more effective in 
rapidly controlling an infection than the sulfonamides and the broad- 
spectrum antibiotics that are predominantly bacteriostatic. (3) The 
use of more than one agent may prevent or delay development of 
resistant organisms. ‘This is particularly applicable to tuberculosis. (4) 
Certain combinations such as penicillin and streptomycin may be more 
effective against some organisms than either agent alone. We do not 
worry too much about interference of one agent with another, since 
the doses given are large enough to make this unlikely. 


Bacterial Meningitis, Etiology Undetermined 


No etiologic diagnosis is made in approximately 20 per cent of all 
cases of acute purulent meningitides seen in our Clinic, and the results 
of treatment are less satisfactory in this group than when the organism 
is known. The majority of these patients have received some therapy 
before being sent to the hospital. The plan of treatment for this group 
is designed to be effective against any of the more likely infecting 
organisms. ‘The same regimen is instituted in those cases in which initial 
examination of the cerebrospinal fluid has not revealed conclusive 
evidence concerning the specific etiology. This is later modified when 
the cultures are reported. 

The outline of treatment for the cases of unknown etiology is as 
follows: 

1. Aqueous penicillin is given in doses of 100,000 to 1,000,000 units 
every one to two hours, depending on the age and the weight of the 
patient. The first dose is given intravenously. After approximately two 
days, if response has been satisfactory, a daily dose of procaine penicil- 
lin, 2,400,000 units, is substituted. 

2. Sulfadiazine or Gantrisin, 0.2 gm. per kilogram per day, is used for 
the first day or so; later, 0.1 gm. per kilogram divided into four or six 
hour doses. The first dose is also given intravenously. 

3. Chloramphenicol is administered in a dose of 50 to 100 mg. per 
kilogram a day every four or six hours. If the intravenous preparation 
is not available and it is not possible to give this drug by mouth, strep- 
tomycin can be substituted until the patient can take things by mouth. 

The duration of treatment is a minimum of two weeks. 


H. Influenzae and E. Coli Meningitis 


1. Chloramphenicol, 50 to 100 mg. per kilogram of body weight per 
day, is given. Streptomycin may be used in the same manner as de- 
scribed for cases of unknown etiology. 
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2. Sulfadiazine or Gantrisin, 0.1 to 0.2 gm. per kilogram per day, 
is given. 
The duration of treatment is a minimum of two weeks. 


Meningococcal Meningitis 

1. Sulfadiazine or Gantrisin is given in the same dosage as the fore- 
going. 

2. Penicillin. Penicillin is not necessary in the less severe case, but 
probably should be given in the more severe one. It may be adminis- 
tered in much the same way as for pneumococcal infections, except that 
usually only the first dose is the aqueous preparation and procaine 
penicillin is started immediately. 

Penicillin, as a rule, need not be continued for more than about 
forty-eight hours. We maintain sulfonamide treatment for a minimum 
of one week, although Alexander’ suggests that if the patient’s response 
is satisfactory, three to four days of treatment is adequate. 

Patients with the Waterhouse-Friderichsen syndrome offer a special 
problem in care. These patients should receive immediately intravenous 
electrolyte solution and plasma to support the circulation, as well as 
penicillin and sulfonamides. More recently we have used cortisone as 
recommended by Hodes® and co-workers. The most effective dosage of 
cortisone is not determined, but a reasonable regimen is as follows: 
50 to 100 mg. intravenously initially and 50 to 100 mg. daily by mouth 
or intramuscularly for three to four days and successively smaller doses 
for another two to three days. The effectiveness of cortisone therapy 
for fulminating meningococcemia is still open to serious question. Our 
own experience is too small to permit any conclusions. 


Pneumococcal Meningitis 


1. Penicillin, 100,000 to 1,000,000 units every hour or every two 
hours, is given. The regimen is much the same as described for the 
treatment of cases of unknown etiology. The large doses of penicillin 
are of utmost importance in the management of this disease. Intra- 
thecal instillation may be carried out as mentioned previously. 

2. Sulfadiazine or Gantrisin, 0.1 to 0.2 gm. per kilogram per day, is 
given. 

The duration of treatment is a minimum of two weeks. 


Tuberculous Meningitis 


The following therapeutic agents are used for the treatment of tu- 
berculous meningitis: streptomycin, dihydrostreptomycin; para-amino- 








FREDERICK C. ROBBINS AND ROBERT M. EIBEN 415 


salicylic acid (P.A.S.); isonicotinic acid hydrazide (Isoniazid); Promi- 
zole. 

The diagnosis of tuberculous meningitis is suspected on the basis 
of history of contact or previous infection and the cerebrospinal fluid 
changes, that characteristically are mononuclear pleocytosis, usually 
under 200 to 300 cells, reduced sugar, elevated protein and, occasionally, 
reduced chlorides. Careful examination of the sediment after cen- 
trifugation of the cerebrospinal fluid for acid-fast organisms should be 
done on suspected cases. Occasionally a definite diagnosis can be made 
in this manner within a few hours after the patient has been first seen. 

Before treatment, cultures of the cerebrospinal fluid for tubercle 
bacilli should be obtained, as well as the cell count and the appropriate 
chemical determinations. The chloride, in our opinion, is relatively un- 
important. 

One should be alert to the possibility of tuberculous meningitis and 
not give streptomycin until the diagnosis has been established or cul- 
tures have been obtained, since only a few days of treatment may make 
it impossible to secure positive cultures. 

At present we give streptomycin, isonicotinic acid hydrazide and para- 
aminosalicylic acid or Promizole simultaneously, and the plan of ther- 
apy is as follows: 

1. Streptomycin. Roughly, 40 mg. per kilogram per day are admin- 
istered as one-half dihydrostreptomycin and one-half streptomycin. The 
two preparations may be mixed in the same syringe, or one may be 
given in the morning and the other in the afternoon. The combination 
of these two agents is said to reduce the incidence of vestibular and 
acoustic injury. 

2. Intrathecal streptomycin is no longer used except in special in- 
stances. In the past ten months we have not used intrathecal therapy 
for any patient and to date have had the most gratifying results in 
regard to mortality and neurologic morbidity. When given, the course 
of intrathecal therapy constitutes forty daily injections of 25, 50, 75 or 
100 mg. of streptomycin, depending upon the age of the patient and 
the clinical condition. Ordinarily enough cerebrospinal fluid is removed 
to equal the volume of the diluted streptomycin solution instilled. 

3. Isonicotinic Acid Hydrazide. Seven milligrams per kilogram per 
day are divided into two doses for the first ten days. The dose is then 
reduced to 3 to 5 mg. per kilogram per day in two divided doses. 

4. Para-aminosalicylic Acid (P.A.S.). For adults 12 to 14 gm. are 
administered daily, divided into 6 doses, i.e., 2 gm. every four hours. 
The dosage in children is about 0.1 to 0.2 gm. per kilogram per day. 
The largest dose that can be tolerated should be given. The calcium salt 
frequently causes less gastrointestinal upset. 

5. Promizole. If severe intolerance to para-aminosalicylic acid de- 
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velops, Promizole may be given. Although the dosage must be adjusted 
in each patient until blood levels between 1 and 3 mg. per 100 ml. are 
obtained, 0.1 to 0.2 gm. per kilogram per day usually suffices. 

6. Patients are treated as outlined in the foregoing for six months. 
Cerebrospinal fluid studies are obtained weekly in the first two months, 
every two weeks for the next month, and monthly thereafter. If the 
patient is clinically well and the cerebrospinal fluid is essentially normal 
at the end of six months, isonicotinic acid hydrazide is discontinued. 
The dose of streptomycin is decreased to 1 gm. twice a week and para- 
aminosalicylic acid is continued in full dosage. An alternative is to stop 
streptomycin and continue Isoniazid in conjunction with para-amino- 
salicylic acid. After two weeks a repeat lumbar puncture is performed. 
If there is no change, the patient is discharged. Streptomycin or Isona- 
zid is continued on an outpatient basis for another six to nine months 
and subsequently discontinued. Para-aminosalicylic acid is continued a 
full two and one-half years following discharge. 

Patients are followed up in the clinic monthly for three months, at 
three month intervals for nine months and at six month intervals there- 
after. 


IMMUNE SUBSTANCES IN THE TREATMENT OF INFECTIOUS DISEASES 


Materials containing specific antibodies are less widely used for the 
treatment of infectious diseases than they were fifteen to twenty years 
ago, but now are more frequently used for prophylaxis. They are still used 
with benefit, however, in the treatment of certain diseases. 

The preparations available are (1) antiserums or concentrates of anti- 
serums prepared in animals; (2) human serums from convalescent or 
hyperimmunized persons; (3) gamma globulin, the fraction of plasma 
that contains antibodies and is prepared from pooled plasma from nor- 
mal adults. 

Antibody-containing substances are generally used in the treatment 
of the following diseases. 


Diphtheria 


Antitoxin is still the most important therapeutic agent for diphtheria 
and should always be used in conjunction with penicillin. It should 
be given as soon as the diagnosis is suspected in a dose ranging from 
40,000 units for an infant or small child to 80,000 units for an older 
child or adult. If the patient is seriously ill, one-half the dose is given 
intravenously and the remainder intramuscularly. In the less severe case 
it may all be given intramuscularly. It should be remembered that 
diphtheria antitoxin is a preparation of horse serum, and careful tests for 
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serum sensitivity should be performed before it is administered. Addi- 
tional antitoxin should never be given more than four to five days after the 
first dose, since the patient then almost certainly will be sensitive. 

Diphtheria is now a rare disease in most parts of this country, and 
most of the patients suspected of having this disease turn out to be 
suffering from infectious mononucleosis, streptococcal pharyngitis, non- 
diphtheritic laryngotracheitis or some other illness. It is often difficult 
to decide whether or not antitoxin should be given in a suspected case, 
since one does not like to inject large amounts of foreign protein and 
subject the patient to the likelihood of serum sickness without good 
cause. It is usually not possible to wait upon the report of the culture, 
since this is not available for twenty-four hours and often longer. If 
the clinical findings are strongly suggestive and the patient has not been 
immunized, there is no doubt concerning the course to be followed, 
and antitoxin should be given promptly. In the more usual situation in 
which the diagnosis seems less likely one should probably adopt a con- 
servative attitude and give antitoxin to all patients in whom diph- 
theria is seriously suspected. 


Tetanus 


Although, as far as we are aware, no conclusive evidence has ever 
been obtained concerning the value of antitoxin in the treatment of 
tetanus, it would be foolhardy indeed to abstain from its use in view 
of the serious prognosis in this disease. In addition to antitoxin the 
patient should be given penicillin for its antibacterial effect, and any 
relatively recent wound that might have served as the point of entry 
for the organisms should be incised and débrided and a careful search 
made for a foreign body. The patient should also be sedated, and on 
some occasions curare preparations may be given. However, it is not 
our aim here to discuss the over-all management of this disease. 

Tetanus antitoxin is also a horse serum preparation, and the proper 
tests for sensitivity should be carried out before it is given. The usual 
dose is approximately 100,000 units. As a rule it is given intramuscularly, 
although a portion of the dose may be given intravenously. Intrathecal 
administration of serum is no longer used. Horse serum is irritating to 
the meninges and probably does more harm than good. 


Pertussis 


It would appear that passive antibody administered during the incu- 
bation period may prevent pertussis and, if given during the early 
catarrhal stage, may abort or ameliorate the disease. There is little 
evidence to indicate that it has any significant effect if given after the 
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first week or two of illness. However, it is the practice in many places 
to give antibody to infants under one year of age or to older children 
with severe pertussis, regardless of the stage of the disease. 

Various dosage schedules are used. It is our practice to give an initial 
dose of 2.5 cc. of concentrated immune rabbit serum (Cutter) intra- 
muscularly and to repeat in two days. As many as two additional doses 
at two day intervals may be given to an unusually sick child. Lyo- 
philized hyperimmune human plasma (Philadelphia Serum Exchange) 
may also be given. The dose is 20 cc. intramuscularly. 


Vaccinia Infections 


Rarely vaccination is complicated by widespread infection with the 
vaccinia virus. The clinical syndromes that result are eczema vac- 
cinatum, generalized vaccinia, and vaccinia necrosum or progressive 
vaccinia. The last at least is probably the result of an inability of the 
patient to produce specific antibodies. Patients with these diseases may 
be very ill, and progressive vaccinia is almost invariably fatal, so that 
some therapeutic agent is badly needed. Recently a preparation of 
gamma globulin made from vaccinia immune serum* has been used.® 
It would appear to be particularly valuable in the treatment of pro- 
gressive vaccinia, but it may also be beneficial if given early in the 
course of the disease to patients with generalized vaccina or eczema 
vaccinatum. In the cases treated to date the dose has been 0.3 cc. per 
pound of body weight intramuscularly. 


Agammaglobulinemia 


This condition does not fall strictly within the province of this dis- 
cussion, but is mentioned because of its interest to students of in- 
fectious diseases. Recently it was discovered that certain patients who 
suffered from repeated bacterial and viral infections had no detectable 
gamma globulin in their blood. These persons would appear to have a 
specific inability to manufacture antibody protein. In the treatment of 
infections in patients with this condition the administration of gamma 
globulin is essential in addition to the use of appropriate antibiotics. 
The patient described by Bruton* was given 3.2 gm. of gamma globulin 
at monthly intervals with subsequent reduction in the number of infec- 
tions. 


Other Diseases 
Convalescent serum has been advocated for the treatment of polio- 
myelitis and a variety of other illnesses. In our opinion the administra- 


* This material will soon be available from Dr. C. H. Kempe, Department of Pedi- 
atrics, University of California Medical Center, San Francisco 22, California. 
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tion of immune substances has little justification in the treatment of 
any infectious condition other than those already mentioned. Measles 
encephalitis probably deserves special mention, since large doses of 
gamma globulin have been reported® to be effective in treatment. We 
have had no experience with this therapy and on the basis of the pub- 
lished reports would consider it still experimental. 


HORMONAL PREPARATIONS 


We shall make no attempt to review the subject of the use of 
ACTH and cortisone in the treatment of infectious diseases. Rather, 
we shall state briefly our interpretation of the large and confusing body 
of information that has accumulated on this subject. For a discussion 
of the more fundamental aspects of the problem the reader is referred 
to the recent paper by Kass and Finland.? 

ACTH and cortisone would appear to have the following effects: 
(1) reduce symptoms of toxicity; (2) inhibit tissue reaction; (3) 
experimentally at least they would appear to decrease the resistance of 
animals to infections with certain organisms and contribute to an 
increased multiplication of the infectious agent in the tissues of the 
host; (4) there is some experimental evidence that in large doses they 
may interfere with the development of antibodies. 

The two preparations have been given in the treatment of a variety 
of infectious diseases, including poliomyelitis, pneumonia, typhoid 
fever, tuberculosis, postinfectious encephalitis, infectious hepatitis, and 
meningococcemia. In none of these conditions is there sufficient evi- 
dence to indicate that hormonal treatment is beneficial. A well con- 
trolled study concerning the effect of ACTH in the treatment of polio- 
myelitist revealed no influence upon the course of the disease. It is 
reasonable to postulate that hormonal therapy might be helpful in 
acute overwhelming infections, such as meningococcemia or pneumo- 
coccal sepsis, in tiding the patient over the period of toxicity. This 
should be done only in conjunction with intensive chemotherapy and 
in infections due to organisms highly sensitive to the therapeutic agent 
used. 

In general, it is our belief that treatment of infectious diseases with 
hormone preparations should be done only on an experimental basis 
until more information becomes available. 
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ACCIDENT PREVENTION 


THOMAS E. SHAFFER, M.D. 


**Wruck Kills 4-YearOld on East 
Side”; “Shotgun Blast Kills Boy, 6.” Thus read adjacent headlines in 
a recent issue of a Columbus, Ohio, newspaper. They are duplicated 
daily in every city. Sometimes the news is less morbid: “Child, 4, 
Burned by Hot Macaroni.” This account appeared in the same paper 
on a different day. These reports remind us that, despite recent impres- 
sive advances in medical treatment and disease prevention, childhood 
accidents are a problem which has not yet been solved. Mortality from 
the contagious childhood diseases, from diarrhea, pneumonia, tubercu- 
losis and appendicitis has so decreased that accidents have moved to 
the top as the leading cause of death at every age in childhood except 
the first year of life. Each year more than 12,000 children under four- 
teen years of age die as the result of accidents. 

The relative importance of accidents compared with some other 
causes of death among children and youths in Ohio in 1951 is shown 
in Figure 30. In Ohio in that year the number of accidental deaths 
among children and teen-agers amounted to more than the combined 
mortality from tuberculosis, infectious diseases, congenital anomalies 
and malignant neoplasms. Such statistics are not typical of just a few 
states. The relative importance of accidents as the main child health 
problem is the same in all parts of the United States. 

In actual numbers, deaths from accidents have decreased in the past 
several decades (in the one to four year old group there was a 
decrease from 55.8 deaths per 100,000 population in 1930 to 28.1 per 
100,000 in 1949.)7 However, there has been a greater reduction in the 
mortality from disease, which emphasizes the relative importance of 
accidents in childhood. At every age in childhood and adolescence there 
is an increased incidence of accidents among boys. This has been true 
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in Columbus, Ohio, and is reported from surveys in many parts of the 
world. 

All too often successes and failures in medical fields are measured 
by the number of lives saved or lost. When advances in child health 
are evaluated in this manner, need for improvement of conditions which 
cause permanent disability or act as handicaps to optimum performance 
is overlooked. For example, mortality statistics alone do not depict the 
true accident toll. The number of children who are crippled or tem- 
porarily incapacitated is far greater than the number of those fatally 
injured by accidents. One estimate of the accident toll is that four 
children are permanently injured for every child who suffers a fatal 
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Fig. 30. Leading causes of death among children aged 1-19 in Ohio in 1951. (Re- 
printed with permission of Ohio’s Health, Vol. 5, May, 1953. Courtesy of Ohio 
Department of Health.) 


accident. On the basis of this formula approximately 50,000 children 
are permanently injured each year, a far greater number than those 
crippled by poliomyelitis. 

The number of children temporarily disabled by accidents is even 
greater than the combined number of those permanently disabled or 
mortally injured. Our knowledge is scanty, but there is little doubt that 
the total morbidity from accidents is at least 100 times the fatality 
toll. Thus more than a million children are affected by accidents 
each year. 


TYPES OF ACCIDENTS 


Surveys of childhood accidents are as a rule limited to fatal ones. 
A study of accident fatalities shows that the occurrence of various 
accidents changes from one age group to another. Susceptibility of the 
“host” varies with age because liability to injury is influenced by the 
child’s level of development, his interests and his environment (Fig. 31). 
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Accidents cause only 2.5 per cent of all deaths in the first year of 
life. The largest group of reported fatal accidents among infants are 
those classified as “due to mechanical suffocation.” Currently the 
validity of regarding mechanical suffocation as a cause of infants’ 
deaths is being questioned, because almost every case of alleged suf- 
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Fig. 31. Principal causes of fatal accidents in childhood. Percentage distribution 
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from A. B. Rosenfield: Minnesota Medicine, Vol. 35.) 


focation is found, at autopsy, to be due instead to overwhelming 
respiratory infection.*:* It is a rare occurrence when a child actually 
dies from accidental mechanical suffocation. The main causes of fatal 
accidents during the first year of life in a study conducted in Minne- 
sota® were as follows: 
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The principal causes of nonfatal accidents differ from those of fatal 
injury. For example, more parents seek medical attention for their 
children in this age group because of falls than for any other type of 
accident, yet falls account for only 10 per cent of fatal accidents.* 

In the preschool period (one to four years) accidents are responsible 
for 30 per cent of all deaths, this being approximately ten times the 
rate during the first year of life. ‘These are the years when the accident 
fatality rate is highest. Paradoxically, this is the period of childhood 
when children are in the home environment most of the time, theo- 
retically under fairly close supervision of adults. The accident rate 
can be explained by the unbounded curiosity of toddlers and their 
lack of self-control. In the order of their importance, the causes of 
fatalities among preschool children are motor vehicle accidents, burns, 
drowning, and ingestion of poisonous substances. Deaths from mechani- 
cal suffocation and respiratory obstruction by foreign objects, common 
in the first year, are rare in this age group. ‘The relative occurrence of 
fatal accidents is as follows:® 


Se or ee 36 per cent 
EPC Oe eee TT ee eee 21 per cent 
CE ioc cay eyes ae wenile Rebels Wiss Kile Gira ec aewen 15 per cent 
Ingestion of poisonous solids or liquids .................. 7 per cent 
PEE Ace th iawn dntee ds chkDSGncaNeeuwedawenannemenss 5 per cent 


Causes of nonfatal accidents in these early years are mainly falls, 
blows from sharp objects, and ingestion of poisonous substances and 
foreign objects. 

The early school years (five to nine years) are relatively healthy so 
far as diseases are concerned. Accidents, causing almost 40 per cent 
of all deaths, are in first place. The leading causes of fatal accidents 
are motor vehicles, drowning, burns and bicycle accidents. Most non- 
fatal accidents in this age group are due to falls, “flying missiles,” ani- 
mal bites and motor vehicles. Accidental poisoning, common in the 
one to four year age group, rarely occurs in the school-age years. 

About 45 per cent of all deaths in the ten to fourteen year period 
are caused by accidents. Motor vehicles account for the largest portion; 
drownings, burns and firearms (a new cause) are responsible for most 
of the remaining accidents. Most of the nonfatal accidents are caused 
by falls. 

Half of all deaths in the older age group (fourteen to nineteen 
years) are due to accidents, and motor vehicles cause more than 50 
per cent of them. Drowning, firearms and machinery are the other 
significant causes. 


* Data on nonfatal accidents are derived from admissions to the emergency room of 
the Children’s Hospital, Columbus, Ohio, and from a community survey conducted in 
Columbus, Ohio, in 1951 under the auspices of the Metropolitan Health Council. 
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PREVENTION OF ACCIDENTS IN CHILDHOOD 

It is not unreasonable to assume that a large number of accidents 
are preventable. Even though the decrease in rate of mortality from this 
cause has not been striking, the incidence of accidents has diminished 
in the past several decades. As more and more physicians recognize 
accidents as a health problem, prevention will become more effective. 

There are two factors which influence the occurrence of accidents: 
(1) the hazards of the environment in which the child lives and plays, 
and (2) the child’s behavior. 

Hazards in our surroundings can never be eliminated completely. The 
world is full of potentially dangerous objects and situations which 
contribute to the occurrence of accidents. This is doubly true for 
children, because their inexperience and incoordination accentuate the 
potential perils in their surroundings. An accident-laden environment 
is not so susceptive to control as is a mosquito-infested lowland or an 
unsanitary refuse pile, but there are many ways by which surroundings 
can be made reasonably safe. 

A primary role of the physician in health supervision of the well 
child ought to be that of educating the parents about the importance 
of making their child’s environment as safe as possible. A physician 
who is familiar with the typical accidents common at various ages can 
give specific advice to parents as a preventive measure. 

Just as important as environment in the causation of accidents is 
individual susceptibility to mishaps. There is a place where accidents 
occur, and there is a person to whom accidents happen. It is well 
known that some children have more than their share of accidents, but 
in a way all children are susceptible to accidents. The degree and kind 
of susceptibility vary with the child’s stage of development. Physicians 
who see children regularly have an unequalled opportunity to influ- 
ence the occurrence of accidents by giving parents advice, in advance, 
about forthcoming stages of development and the potential risks which 
they bring. This kind of counsel, when given in advance and in a 
matter-of-fact manner, can be compared to the advice a physician gives 
about immunization, toilet training, treatment of respiratory infections, 
and the like. 

In the first year a baby is practically helpless and is dependent on 
adults for protection. Table 14 lists the kinds of information a parent 
needs to know, during the early months of the first year, in order to 
understand an infant’s behavior and to provide protection. It will be 
noted that “mechanical suffocation” is not listed. The physician could 
calm parents’ unjustified fears by discussing the unlikelihood of suffo- 
cation, but only if parents indicate that they have anxieties about it. 

The second year of life is the one most filled with potential risks, 
because the combination of curiosity, immature judgment and ability 
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to move about is fateful. The special risks and precautions for this 
group are also listed in Table 14. 

Accidental poisoning deserves special mention both because it is 
so common during the second and third years and because it is pre- 
ventable. In their early years children put practically everything they 
can grasp into their mouths. 


TABLE 14. Accident Risks and Precautions at Various 


TYPICAL ACCIDENTS 


NORMAL BEHAVIOR 
CHARACTERISTICS 


Age Levels 


PRECAUTIONS 





Falls 

Inhalation or in- 
gestion of foreign 
objects 
Poisoning 

Burns 

Drowning 


Falls 

Drowning 

Motor vehicles 
Ingestion of poisonous 
substances 

Burns 


Falls 

Drowning 

Motor vehicles 
Ingestion of poisonous 
substances 

Burns 





First year 


After several months of age 
can squirm and roll, and 
later in year creeps and 
pulls self erect 

Places anything and every- 
thing in mouth 

Is helpless in water 


Second Year 
to about in 


erect posture 


Is able roam 


Can go up and down stairs 
Has great curiosity 


Puts almost everything in 
mouth 
Is helpless in water 


2-4 Years 





Is able to open doors 

Can run and climb 

Can ride tricycle 

Investigates closets and 
drawers 

Plays with mechanical 
gadgets 

Can throw 
objects 


ball and other 


Do not leave alone on tables, 
etc., where falls can occur 

Keep crib sides up 

Keep small objects and harm- 
ful substances out of reach 

Do not leave alone in tub 


Keep screens in windows 
Place gate at top of stairs 
Cover unused electrical 

lets; keep electric cords out 


out- 


of easy reach 
Keep in enclosed space when 


outdoors and not in com- 
pany of an adult 
Keep medicines, household 


poisons and small sharp ob- 
jects out of sight and reach 
Keep handles of pots and pans 
out of reach and 
containers of hot foods away 


on stove 


from edge of table 
Protect from water in tub or 
yard 





Keep doors locked when there 
is danger of falls 


Place screen or guards in 
windows 

Teach about watching for 
automobiles in driveways 


and in streets 
Keep firearms locked up 
Keep knives, electrical equip- 
ment out of reach 
Teach about risks of throwing 


sharp objects and about 


danger of following ball into 
street 
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TABLE 14 (Continued) 


TYPICAL ACCIDENTS NORMAL BEHAVIOR PRECAUTIONS 
CHARACTERISTICS 


5-9 Years 





Motor vehicles Is daring and adventurous’ Teach techniques and traffic 
Bicycle accidents Control over large muscles is rules for bicycling 
Drowning more advanced than con- Encourage skills in swimming 
Burns trol over small muscles Keep firearms locked up ex- 
Firearms Has increasing interest in cept when adults can super- 
group play; loyalty to vise their use 


group makes him willing to 
follow suggestions of leaders 
10-14 Years 


Motor vehicles ‘There is an organic need for Teach the rules of pedestrian 


Drowning strenuous physical activity safety 
Burns Plays in hazardous places Teach bicycling safety 

Firearms (street, railroad tracks, Instruct in safe use of firearms 
Falls near rivers) unless facili- Provide safe and acceptable 
Bicycle accidents ties for supervised, ade- facilities for recreation and 

quate recreation are pro- social activities 
vided Prepare for automobile driving 
Need for approval of age- by good example on part of 
mates leads to daring or adults and closely supervised 

hazardous feats instruction 


In the years 1940-49, 247 cases of accidental poisoning were admitted 
to the Columbus Children’s Hospital. Kerosene (forty-nine cases), tur- 
pentine and furniture polish accounted for sixty-five cases; salicylates, 
barbiturates and sulfonamides were the agents in seventy-five cases; 
phenol and arsenate of lead caused eighteen of thirty-one accidents 
due to chemical poisons. In all, fifty-one different substances were re- 
ported as the agents in the 247 instances. 

The physician’s role in preventing poisoning goes beyond forewarn- 
ing parents about keeping chemicals and household poisons out of 
reach. He has responsibility for (1) careful instructions about dosage, 
(2) avoidance of sweetened medication, and (3) prescription of only as 
much medicine as is needed for a current illness. 


PROTECTION VERSUS EDUCATION 


Maximum prevention of childhood accidents cannot be accomplished 
simply by guarding against hazards. Protection is not enough. Adults 
are not always on hand to help children avoid accidental injury. Pro- 
tection serves its most useful purpose during the earliest years of child- 
hood when children have no appreciation of how to take care of them- 
selves. In infancy, complete protection by adults against the accidents 
listed in Table 14 is essential. 
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As soon as practicable, usually during the second year, adults must 
begin teaching young children to protect themselves from accidents. 
When they have reached the age of five or six years and are separated 
from the family, part of the day, children should be able to take 
responsibility for their own safety as they go forth to school and during 
their play activities." 

Children can learn about safety in several ways. Informed parents 
can anticipate the typical kinds of accidents which are common in the 
years just ahead and thus can specifically teach their children to avoid 
harm. 

A second effective method of promoting education about safety is 
to capitalize on the minor, mildly painful accidents most children have, 
and thus to educate them to look out for their own safety. It is axio- 
matic that “experience is the best teacher.” ‘There are many occasions 
during every child’s early years when an unpleasant but nonhazardous 
experience, resulting from immature curiosity or daring, should be 
allowed to happen, even though an adult could interfere, just to provide 
a learning situation. For example, the experience of touching a hot 
saucepan or electric toaster, or tasting a bitter or sour nonpoisonous 
liquid found accidentally in the house or yard, or even the experience 
of tumbling down several steps will induce caution and thought for 
self-protection. Caution and good judgment bred by simple experiences 
serve a child well when, at a later time, the penalty for the same 
daring might be much greater. 

Table 14 presents, in addition to typical accidents and expected 
behavior characteristics, some recommended precautions, both pro- 
tective and educational, which are necessary at various ages to prevent 
the usual accidents. To be properly utilized, this information should 
be conveyed to parents by the child’s physician prior to the age period 
in question. 

A helpful device for physicians to use in accident prevention is a 
Child Safety Check List, which can be given to parents to use in sur- 
veying safety practices and conditions in and around the home. A 
model check list, prepared by the American Academy of Pediatrics, is 
presented in Table 15. 


ACCIDENT REPEATERS 


Because of their immaturity, which affects their physical, mental 
and emotional performances, all children may be said to be susceptible 
to accidents. Poor judgment, short attention span, impulsiveness, inco- 
ordination of physical movement—all these are factors which contribute 
to accidents and are characteristics common to most children. How- 
ever, some children are more susceptible to accidents than would be 
expected and have far more than their share of accidents. These are 
the accident repeaters, the “accident-prone” individuals. 
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Accident-proneness, the pathologic susceptibility to accidents, has 
been studied extensively among adults.” It is generally believed that 
there is a more or less characteristic personality pattern typical of the 
accident-prone individual. Usually the person who has repeated acci- 
dents is a “good-fellow” when not under stress, but there is a strong 
tendency to impulsive behavior, and when aggressive hostility is 
aroused by guilt or by expression of authority from superiors, acci- 
dents are common. Many of these persons were brought up in families 
in which one or both parents were strict, so that a hostile reaction to 
authority resulted. 

Studies of accident-repeaters in childhood have not been extensive. 
There has been a tendency to attribute the same personality traits to 
accident-prone children as to adults. Langford and his associates* 
recently carried out a pilot study of childhood accidents with particular 
attention to children who have repeated accidents. Their preliminary 
report suggests that susceptibility to accidents in childhood is not 
necessarily a counterpart of accident-proneness as observed in adults. 
In the experimental group of nine accident repeaters who were com- 
pared with nine children who had shown no unusual tendency to have 
accidents certain observations are most interesting. Little of significance 
was discovered in studies of physical coordination, vision and neurologic 
function. This suggests that physical impairments are not of great 
importance in this regard. Some abnormalities of electroencephalograms 
were found, but they were not typical of any recognized neurologic 
condition. 

Langford found a “casual attitude” to injuries in the accident-sus- 
ceptible group. The accident repeater did not manage to keep away 
from dangerous situations even though there was an awareness of the 
risks. The nonaccident repeaters did avoid the hazards. 

The parent-child relationship in the nonaccident repeaters group 
seemed to be closer, and parents had less trouble in setting limits on 
their children’s behavior. There was a tendency for the members of 
the accident-prone group to be disorganized and impulsive under stress, 
and in this situation they did not appear to recognize danger signals, 
nor could they, when under stress, keep out of situations in which acci- 
dents were inevitable. Several of the children were abnormally re- 
bellious to authority. 


‘ 


PARENT-CHILD RELATIONSHIP 


From all that has been said it seems quite obvious that prevention 
of childhood accidents rests on the parent-child relationship. Physicians 
and others who guide parents can assist them in becoming aware of the 
important part childhood accidents play in the total picture of child 
health, and in predicting environmental hazards and individual sus- 
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TABLE 15. Check against Child Accidents in and around Your Home 


INSIDE THE HOME 
Do you store all poisons, medicine, cleaning materials, kerosene and other dangerous 
materials out of the reach of your children? 
Do you put old medicines in the incinerator or ash barrel when you discard them? 
Do you turn on the light when getting medicines out of the cabinet? Do you make 
sure you have the right medicine, and read the instructions carefully? 
Do you keep matches and cigarette lighters out of the reach of your children? 
Do you use proper guards around stoves, fireplaces and lamps? 
Do you keep cooking utensils containing hot liquids in such a position that your 
child cannot overturn them? 
Do you as far as is possible avoid the use of inflammable material in your children’s 
play clothing? 
Do you keep containers of hot water off the floor when your children are near by? 
Do you keep a window open at least slightly, top and bottom, in the room where a 
gas heater is used? 
Do you make sure that 
Electric wall outlets are covered when not in use? 
Electric cords have been kept off the floor? 
Electrical equipment is guarded carefully when in use and stored properly when 
not in use? 
The radio is kept out of the bathroom? 
Do you guard your children against falls by 
Carrying the baby up or down stairs with one hand free to grasp the railing? 
Keeping the steps free from clutter and the treads firm? 
Seeing that the sides of the crib are up and latched when you leave the baby? 
Making sure that the bars of cribs and play pen are close enough together to pre- 
vent the child’s head from getting caught? 
Making sure never to leave the baby alone when on the bathinette or on a bed? 
Or, if it is necessary to turn away from him for a moment, do you grasp his wrist 
or ankle firmly? 
Using gates at the top of stairways: 





Fastening window screens securely? 
Checking the windows in upper rooms to make sure they cannot be opened by 
your children? 
Do you protect your children against cuts by 
Keeping sharp knives and tools and sharp sewing equipment in special cases out 
of your children’s reach? 
Providing blunt metal or plastic scissors for the child’s paper cutting? 
Disposing of razor blades and broken glass and china in a safe manner? 


TOYS 
Are toys carefully selected to avoid those which are inflammable or which have sharp 
points, small removable parts, or lead base paint? 
Do you provide a place where your children may store their toys so that neither 
they nor anyone else will trip over them? 
Do you see that small objects such as beans, buttons or coins are not left where they 
canbe picked up and swallowed by children? 


HEALTH 


Do your children have frequent accidents which might indicate some disability; 
and, if so, have you consulted your family physician? 


* Prepared by the Committee on Accident Prevention of the American Academy of 
Pediatrics. Copies may be obtained by writing to the Health and Welfare Division, 
Metropolitan Life Insurance Company, 1 Madison Avenue, New York 10, N.Y., or, 
in Canada, 180 Wellington Street, Ottawa 4, Ont. 
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SUPERVISION 


Do you set a good example for your children in safe ways of doing things? 

Do you take time to teach your child safe methods of play? 

Do you make sure that the baby sitter, if you must leave your child with one, is 
more than 12 years of age and dependable? 

Do you instruct your baby sitter in safe practices? 

OUTSIDE THE HOME 

Do you keep all water barrels, cisterns, wells, troughs and garden pools securely 
covered or fenced to prevent your child from falling in? 

Do you burn rubbish and dry leaves in a covered wire container or see that they 
are otherwise disposed of safely? 

Do you always look to see where your children are before you back your car out of 
the garage? 

Do you provide safe play places and make sure that your child does not play in the 
street or highway? 

Do you always have some responsible person stay with the baby while it is in the 
carriage outside the store when you are marketing? 
ceptibility to accidents at succeeding developmental levels so that 
preventive measures Can be taken. 

Physicians can contribute further by reassuring parents about “use- 
less fears” (constipation, skin rashes, anorexia) which could interfere 
with the process of educating children to take responsibility for their 
own safety. 

The effect of routine health supervision on the development of nor- 
mal parent-child relationships, to prevent accident-proneness, is quite 
apparent. 


SUMMARY 


Accidents are the number one problem in child health today. 

Most accidents among children are preventable. 

Prevention of childhood accidents depends upon good physician- 
parent and good parent-child relationships. 

The physician’s role in accident prevention is manifold: (1) to 
prepare parents for the characteristic behavior and attitudes of chil- 
dren at various ages; (2) to instruct parents in advance about the 
common hazards which typically appear at various levels of children’s 
development: (3) to help parents develop an accident prevention pro- 
gram in the family; (4) to observe and correct hazardous conditions 
he sees in the home during professional house calls; (5) to take major 
responsibility for preventing poisoning by medicines; (6) to help 
parents, by reassurance, to dispose of their anxieties about unimportant 
health problems of children and thus to direct their interest to the 
important problems of avoiding preventable accidents. 

Parents have a major role in accident prevention: (1) to protect 
young children from accidental injury; (2) to conduct an expanding 
program of educating their own children about personal responsibilities 
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for safety; (3) to be certain that their own attitudes toward safety 
and their own practices are above reproach, so that their children are 
properly taught by example. 
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GROWTH FAILURE 


STUART SHELTON STEVENSON, M.D., M.P.H. 


Healthy growth and development are 
the main business of a child. Because many abnormal conditions affect 
them adversely, growth failure may furnish the first clue that disease is 
present. The pediatrician, therefore, is concerned with physical meas- 
urements for the assessment of growth and with developmental be- 
havior. His special interest in the child’s body weight gains is under- 
standable because these are a practicable over-all index of growth. 
Unfortunately this professional curiosity about weight may overempha- 
size to parents its importance. Norms for physical measurements such 
as weight and height are easily obtained by lay persons. Parents apply 
them anxiously to their children, without the realization that these 
are averages which do not allow for normal deviations. Many parents, 
furthermore, wish their children’s measurements to exceed these norms, 
in the American tradition of keeping ahead of the Joneses. Thus the 
child with a chief complaint of “growth failure” becomes a common 
problem in the physician’s office. 


DETERMINING THE VALIDITY OF THE DIAGNOSIS 


More than half of the children whom the average pediatrician sees 
because of a complaint of “growth failure” have nothing wrong with 
them. Parents do not often appreciate the normal slowing up of the 
fetal growth spurt. They are worried when Johnnie seems to eat less 
and less in the latter part of his first year. Their worst fears are con- 
firmed when they find that he is gaining less each month. “Why, 
Doctor, he gained 5 pounds his first three months, only 4 pounds his 
second three months and barely 314 pounds from six to nine months. 
The last three months, he has eaten like a bird, he has lost all his nice 
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baby fat, and he’s hardly gained at all—just 244 pounds.” Johnnie may 
be suffering from some illness, but his weight increments are quite nor- 
mal and are following a fiftieth percentile channel. Since his rate of 
growth is less rapid and his “nice baby fat” is destined to disappear 
physiologically (the subcutaneous fat layer will be only half as thick 
when he reaches the age of five years), naturally he needs less calories 
per pound of body weight. In addition, he no longer has an all-consum- 
ing interest in eating, since his curiosity is aroused by the enlarged 
horizons which come with cerebral cortical development. Johnnie’s 
parents would probably have been spared their anguish if the doctor 
had forecast for them this normal slowing up of growth. 

The next child with “growth failure” may actually be a small child, 
but his size may still fit within the limits of reasonable biologic varia- 
tion. Look at his parents and his siblings: he may have inherited his 
smallness. Find out about the neighbor’s children: perhaps they are 
large and emphasize his smallness by contrast. Measurements made 
at the time of birth—especially length and head circumference (birth 
weight may be influenced considerably by the amount of water in the 
tissues )—will be helpful if they are available: small babies tend to 
remain small. Check his body proportions: the midpoint of an infant 
should approximate the umbilical level. Chondrodystrophy, with its 
short extremities, may be revealed by an upward displacement of this 
midpoint. If he is a preschool-age child, remember that growth is slow 
in this period and that children are often “scrawny’-looking until they 
begin their second, or adolescent, growth spurt some time in the 
early school years. This spurt reaches its greatest magnitude with the 
advent of sexual development. Since this latter event varies normally 
by several years in the time of its onset, a boy of ten whose adolescence 
comes late will appear smaller and less well developed than his col- 
league who happens to mature early. 

A single set of physical measurements may be misleading, and it 
will be most helpful if the physician has recorded serial measurements 
of his patient which were made at intervals appropriate to the child’s 
age. A rapidly growing infant may well be measured monthly, whereas 
for an older child, with his slower growth, six month intervals should 
sufice. Weight and height are the easiest to obtain and are the most 
useful. In infancy, when the head is still growing, head circumference 
should also be measured. These data should be recorded along with 
their percentile equivalents. Tables of percentiles for these measure- 
ments are available." 

The physician will find percentiles most helpful if he understands 
how they are obtained. It is convenient to use height as an example, 
but any biologic measurement can be assigned to percentile rankings. 
The height of a five year old boy, for instance, might be 40 inches, 
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and his parents are worried because his playmate of similar age measures 
44 inches. Is the patient “short,” or is his playmate “tall”? Because 
variation is normal and may be considerable in all biologic measure- 
ments, reference to an average figure for height will be of little help 
and may be misleading. It is desirable to know how the heights of 
these boys compare with those of other normal five year olds. This 
can be done if someone will take 100 such boys and line them up 
according to height. Each boy will be measured, and the measurement 
of the tallest will be assigned to the one hundredth percentile. The 
measurement of the next to the tallest will be assigned to the ninety- 
ninth percentile, and so on down the line to the shortest, whose 
measurement will be assigned to the first percentile. Thus, from the 
measurements of these 100 boys (or perhaps 1000 such boys, graded 
by height into 100 groups of ten each), a percentile table can be con- 
structed. It will not be necessary to give every percentile. Seven per- 
centiles are given here, but these are, in general, sufficient. 

Percentile 3 10 25 50 75 90 97 
Height in inches 40.2 41.5 42.6 43.8 45.0 45.9 47.0 

Fig. 32. Percentiles for height of five year old boys.1 


Reference to Figure 32 shows that a height of 40 inches is about at 
the third percentile. This means that if the patient were to be lined up 
with ninety-nine healthy five year olds, according to height, he would 
find himself third man from the short end of the line. On the other 
hand, his 44-inch playmate is at the fiftieth percentile for height and 
would find himself right in the middle of the line. These percentile 
rankings do not guarantee that either boy is physically well. They do 
show, however, that both boys have heights whose equivalents can be 
found in a group of healthy five year olds. 

With this one height measurement the 40-inch boy can be com- 
pared with his colleagues, but it is further helpful if he can be com- 
pared with himself. Past measurements are necessary in order to do 
this. If we find that his height measurement was near the third per- 
centile at two, three and four years of age, we know that he is follow- 
ing a percentile “channel,” that he evidently is a shorter-than-average 
child who is growing at a normal rate. If, however, we check the past 
height measurements of his seemingly normal playmate and find that 
his height was in the sixtieth percentile at four years, the seventy-fifth 
at three years and the ninety-seventh at two years of age, we shall look 
for something wrong even though his present height seems to be ac- 
ceptable for a five year old boy. Any given physical measurement tends 
to follow a constant percentile channel in the course of healthy 
growth. The first boy is in a low channel for height, but he has been 
sticking to it. His playmate, starting out in a high channel, has fallen 
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progressively behind, and the cause must be found even though his 
present height would seem “average” if he stood in a group of healthy 
five year olds. 

Not all physical measurements of a child necessarily fal! into the 
same percentile channel, but each measurement, with healthy growth, 
tends to follow its own channel. Thus the boy whose height follows 
the third percentile may have a weight which follows the ninetieth 
percentile: his physique is short and heavy. Another boy might have a 
persistent ninetieth percentile height and an equally persistent third 
percentile weight and would probably be brought to his physician 
because he was “too thin.” The physician would, of course, examine 
him carefully. If he found no obvious cause for the different percen- 
tiles, however, he would be reassured by the fact that the boy was 
maintaining the same channel for weight, even though it is a low one. 
He would explain that this boy has a thin, wiry physique which will 
probably not change. 

He might use the example of physique in dogs: an English bulldog 
is thick-set and heavy, while a greyhound is lithe and wiry, and no 
amount of tonics or vitamins will give him the bulldog’s physique. 

The next child whom the physician sees may actually be suffering 
from growth failure. If this is really severe, it will probably be evident 
on looking at the child, and this impression may be strengthened by 
the fact that his physical measurements rank below the first percentile. 
Or his growth failure may be made evident only by studying previous 
measurements and discovering that he is “falling off’ his percentile 
channels. The 44-inch boy in the fiftieth percentile for height, described 
earlier, is an example of the latter. The next patient might be a six 
months old infant whose head circumference measures in the fiftieth 
percentile, but whose record shows that it had ranked in the seventy- 
fifth percentile at five months, in the ninetieth percentile at four 
months and in the ninety-seventh percentile at three months of age. 
Such a baby demands investigation because his head is not growing 
properly in size even though it seems “average” at the time of examina- 
tion. Or it might be another six months old infant whose head cir- 
cumference ranks in the tenth percentile while all his other physical 
measurements, including his chest circumference, rank in the ninety- 
seventh percentile. The physician knows that different physical meas- 
urements may follow different percentile channels in health, but com- 
mon sense tells him that this child’s head is too small for the rest 
of the body. He knows, also, that head and chest circumferences in a 
healthy infant are approximately equal. He must, then, look for the 
cause of this infant’s abnormally small head. 

When growth failure is suspected in a child, it will often help to 
determine the “bone age” or stage of osseous development. This pro- 




















STUART SHELTON STEVENSON 437 


cedure is valuable because calcium is deposited in certain small bones 
and epiphyseal centers at various ages according to a predictable pattern 
which correlates with the degree of maturity of the child. 

In older children, epiphyses fuse with the ends of long bones at 
various ages, again according to a schedule which correlates with the 
stage of growth. These anatomic achievements can of course be visual- 
ized by roentgenograms, and tables of norms can be constructed from 
roentgenograms of the skeletons of normal children at various ages. 
There is variation in the time of x-ray appearance of a given bone or 
epiphysis, and “bone age” tables must allow for this by using percen- 
tiles or giving ages within which a center may normally be expected 
to appear. The child suspected of growth failure can then have roentgen- 
ograms of appropriate bones and his “bone age” can be determined 
by consulting the norms. It is important to remember that bone age 
may be retarded by any factor which retards growth: a small baby with 
a retarded bone age is by no means always a cretin. 

It should be added that dentition is not a reliable index of maturity. 
It is true that the eruption of teeth is retarded by hypothyroidism, but 
it is also retarded by rickets and is most often retarded as a normal, 
familial characteristic. 


CAUSES OF RETARDED GROWTH 


The more common factors affecting growth and development are 
heredity, sex, race, maternal malnutrition, illegitimacy, prematurity, 
congenital anomaly, endocrine disorders, inborn metabolic error, physi- 
cal malnutrition, emotional malnutrition, infection, anemia, poor hy- 
giene, multiple trauma, malignancy. 


Heredity 


Heredity is important in determining body size and even shape. In 
general, it affects height more than weight, although familial eating 
habits evidently influence weight even in infancy. It is essential, there- 
fore, for the physician to know the statures and physiques of a child’s 
relatives. Johnnie may be brought to the office by a tall father who 
is worried because his son is short. The father does not realize, how- 
ever, that his attractive little wife measures a little under 5 feet and 
that his son has merely inherited the wife’s stature. 


Sex 


’ 


Sex affects body size during childhood. The boy who was a “‘large’ 
baby will often seem to lag behind his girl cousin of similar age when 
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they both reach the school years. The physician can explain to his par- 
ents that girls begin to mature about two years earlier than boys: 
thus their earlier adolescent growth spurt will cause them to surpass 
their male colleagues temporarily in growth and development. 


Race 


Race must be considered in assessing growth. The tall father who 
worried about his short son may be a Scot who has a small Italian 
wife. Racial physical attributes, such as Japanese shortness or North 
European tallness, are probably economically and nutritionally con- 
ditioned. (Second generation Japanese in this country are taller than 
their cousins in Japan; Northern Negroes are taller than Southern 
Negroes.) Nevertheless, racial background may influence growth sig- 
nificantly. 


Maternal Malnutrition 


Maternal diet during gestation influences both the size and condi- 
tion of the infant at birth. Insufficient protein in the mother’s diet, 
or a stringent reducing regimen which does not supply enough calories 
and forces the mother to burn protein for energy, may result in a 
premature birth, a difficult labor and delivery with possible birth injury, 
a stunted baby or a baby who fails to grow and develop in a satisfactory 
manner after birth. Growth failure in the first year of life can thus 
sometimes be traced to the mother’s dietary deficiency. 


Illegitimacy 

Illegitimacy implies many unfavorable things: maternal malnutrition, 
lack of prenatal care, unsuccessful attempts at abortion which may have 
damaged the fetus. The incidence of prematurity and congenital 
anomalies is high among illegitimate babies. All these factors may 
affect their subsequent growth and development, and growth failure is 
not uncommon. In addition, they are often deprived of the love and 
affection which seem necessary for normal growth. 


Prematurity 


Prematurity increases the risks of birth injury with possible brain 
damage, congenital malformations, anemia, rickets, feeding problems, 
and infections with the malnutrition which may accompany them. 
All these factors can affect growth adversely. They may add consid- 
erably to the difficulties of an infant who is small at birth and would 
probably take two years to catch up to his full-term colleague even 
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without these complications. Twins are often prematurely born, and 
there is reason to suspect that congenital anomalies occur more fre- 
quently in identical twins. In particular, the infant who is born after 
a normal gestation period of ten lunar months, but who is small and 
“premature” by weight, may progress at an unsatisfactory rate after 
birth. Such children should be examined carefully for congenital defects. 
They account for a not inconsiderable proportion of the patients 
referred to the physician for “growth failure.” They are reminiscent 
of a discouraging sight, familiar to any farmer—the “runt” in the litter, 
who is born small, does not thrive, may die young, and who often 
has a specific congenital malformation to add to his troubles. It is 
possible that such runts are the result of early generalized damage to 
the embryo which occurred before the germ layers were differentiated 
into their future tissues and organs. 


Congenital Anomalies 


Congenital anomalies are an important cause of growth failure. In 
fact, unsatisfactory growth in an infant may furnish the physician 
with his first clue that a hidden anomaly is present. They should be 
suspected and looked for especially in “premature” infants who are 
not progressing well even though their feeding and care seem adequate. 
Malformation or malfunction of any of the vital organs and systems 
may affect growth even though the defect is not clinically obvious. 
There are six areas of the body which must be investigated carefully 
when an infant with growth failure is studied. With modern tech- 
niques, many defects are remediable, and the baby’s life, as well as 
his growth, may be salvaged. 

The Central Nervous System. Simple observation will often be suf- 
ficient to reveal central nervous system pathology severe enough to cause 
growth failure. The head circumference must be measured: Is its per- 
centile rank abnormal, or is it failing to follow a percentile channel? 
Is the infant mentally retarded? Physical growth failure may become 
obvious even before the deficiency is clinically apparent. The intelli- 
gence of babies with growth problems should be followed and evalu- 
ated with care, as it is revealed by developmental achievements (smil- 
ing, manual dexterity, sitting, and so forth). Remember that unex- 
plained vomiting and poor sucking and swallowing reflexes may be 
caused by central nervous system malfunction. Are there obvious neu- 
rologic abnormalities, such as aimless nystagmus, spasticity or hypo- 
tonicity, or convulsions? Can the skull be transilluminated because 
of lack of brain tissue? Do subdural taps reveal a subdural hematoma? 
It is pertinent to point out here that pneumoencephalograms are, in 
general, neither safe nor indicated in infants under one year of age. 
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The Kidneys. Renal inadequacy often results from a congenital mal- 
formation of the urinary tract and the infection to which this pre- 
disposes. It is an important cause of growth failure and one which may 
easily be overlooked until the kidneys are irreversibly damaged. These 
babies frequently vomit without obvious cause and may appear to be 
suffering from pyloric stenosis. Perform a urinalysis. Culture the urine 
if a catheterized specimen is available. Better still, obtain a fresh 
specimen, centrifuge it immediately and, after staining, examine it 
microscopically for bacteria. Determine the blood level of nonprotein 
nitrogen and persist in efforts to obtain an excretory pyelogram which 
visualizes the entire urinary tract well and allows an estimate of the 
rapidity of excretion of the dye. If possible, determine the serum levels 
of sodium, potassium, carbon dioxide and chloride. These will reveal 
kidney malfunction as well as anomalies of electrolyte metabolism. 

The Heart. Almost any congenital cardiac anomaly which results in 
a poor oxygen supply to the body may cause growth failure. Although 
most children so afflicted are cyanotic, a defective atrial septum may 
cause stunted growth in the absence of obvious cyanosis. Investigation 
of the heart calls for a careful history: dyspnea, feeding difficulty, per- 
sistent cough, cyanosis. Does the roentgenogram reveal an enlarged 
heart? Are the fingers clubbed? Is there a murmur? (Remember that 
infants may have “functional” murmurs which are unimportant. 
Remember, also, that certain severe cardiac anomalies do not cause 
murmuts. ) 

The Gastrointestinal Tract. Malformation and malfunction of the 
gastrointestinal tract cause growth failure by creating malnutrition. Are 
the stools normal? Is there excessive vomiting? Are there findings sug- 
gestive of celiac disease or mucoviscidosis (cystic fibrosis of the pan- 
creas)? A complete x-ray examination of the gastrointestinal tract, 
including the esophagus, may reveal stenosis, fistula or malrotation. 

The Lungs. Inadequate pulmonary function, due to such conditions 
as lung agenesis, cysts or chronic pneumonia and fibrosis (the latter 
may be the first sign of mucoviscidosis), will interfere with growth. 
X-ray examination of the lung fields should be sufficient to reveal 
any pathology severe enough to cause growth failure. 

The Liver. Chronic hepatic insufficiency interferes with growth. 
There are many etiologies of impaired liver function. These may be 
difficult to diagnose, and liver function tests are not always enlighten- 
ing. Inborn errors of metabolism, discussed later, may constitute the 
basic defect. If the cause of growth failure lies in the liver, however, 
this organ is usually obviously enlarged and there is often an accom- 
panying splenomegaly. Palpate and percuss the liver carefully in a child 
under study and note its size as revealed by roentgenograms. 
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Endocrine Disorders 


Endocrine disorders are relatively infrequent causes of growth failure, 
although they are often condemned as such by lay persons. Of course 
the child under study will have his fasting blood glucose level deter- 
mined, and his urine should be examined for sugar. 

Diabetes mellitus is rare in infancy, however, and the baby who 
grows slowly in spite of a voracious appetite must be suspected of hav- 
ing mucoviscidosis. The child who is tiny but well proportioned may 
be a pituitary dwarf, even though he seemed to be of normal size in 
infancy. This is a rare condition difficult to diagnose: a test dose of 
insulin which creates a prolonged hypoglycemia may suggest its pres- 
ence, or skull roentgenograms may reveal erosion of the sella turcica 
which has been caused by a tumor in this area. These children are 
generally deficient in all pituitary secretions, but growth may some- 
times be aided by the administration of methyl testosterone. The latter 
should never be given indiscriminately, and the dosage should not 
be so great or so prolonged as to fuse the epiphyses prematurely and 
cause permanently stunted growth. 

Ovarian agenesis may be discovered in older girls who do not achieve 
a reasonable stature. Although they have sexual hair, their female 
sexual characteristics do not develop. They may exhibit a webbed 
neck, coarctation of the aorta or other congenital anomalies. The 
growth stunting which may accompany ovarian agenesis is very likely 
merely an additional anomaly, and such a child should probably be 
classified in the “runt” group. 

Hypothyroidism is probably the commonest primary endocrine cause 
of growth failure in infancy, but even this condition is relatively rare. 
Early diagnosis is important, however, for treatment is more effective 
when it is begun early. It is not usually clinically apparent before 
three or four months of age, and the earliest indices of trouble are 
often a poor appetite, pronounced constipation and unusual mottling 
of the skin when it is exposed to cool air. The classical physical signs 
then gradually appear. A greatly retarded bone age will offer added 
confirmation of the diagnosis. The most helpful test, however, is a 
determination of the serum level of protein-bound iodine. This must 
be performed in a reliable laboratory and will not give a valid estimate 
if the child has been treated with thyroid or thyroxin within the two 
months preceding the test. The physician must not promise a complete 
“cure” for cretinism even when treatment is instituted at an early 
age, because a sporadic cretin often has anomalies in addition to his 
thyroidal aplasia. These may involve the central nervous system and 
leave the child mentally crippled even after physical growth has been 
redeemed by adequate thyroid medication. 
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Certain skeletal anomalies, notably the chondrodystrophies, may 
superficially resemble cretinism, but roentgenograms of the skeleton 
will usually reveal these without difficulty. 


Inborn Metabolic Errors 


Inborn metabolic errors are rare, but they frequently retard growth 
by creating malnutrition or impairing liver or kidney function. They 
include such unusual conditions as cystine disease, renal rickets, oxaluria, 
hepatic glycogen disease and galactosemia. Normal renal function, 
a liver which is not enlarged, and long bones which show no defects by 
X-ray examination will usually be sufficient assurance that an inborn 
metabolic error is not causing retarded growth. 


Physical Malnutrition 


Physical malnutrition is the commonest treatable cause of growth 
failure in infants and children. It may be difficult to eure when it is 
created by an inborn metabolic error or by a disease such as muco- 
viscidosis. Fortunately, it is usually the result of faulty eating habits 
or infection and may thus be correctible. 

Inadequate dietary regimens are found among families in low eco- 
nomic categories, of course. In this country, however, they are often 
discovered in the children of well-to-do families: “feeding problems” 
(often created by the parents and sufficiently severe to cause malnutri- 
tion) and unwise choice of nutrients (due to faddism, ignorance or 
incomplete “allergic” diets) are found with surprising frequency among 
children referred to the physician because of growth failure. 

Infections, either repeated acute attacks such as tonsillitis or chronic 
disease such as tuberculosis, create malnutrition by decreasing the 
child’s appetite, interfering with the proper digestion and absorption 
of food stuffs, and by increasing the metabolic need for nutrients. They 
may depress the bone marrow, and the resulting anemia can deprive 
the tissues of adequate oxygen. Chronic or repeated infections are 
probably the most frequent cause of malnutrition in American chil- 
dren, and a careful search for infection is indicated when a child is 
seen because of growth failure. For instance, a tuberculin test and a 
serologic test for syphilis should be performed. The urinary tract 
should be investigated for signs of infection. The nose and throat 
areas should be examined, and any history of repeated infections in 
them should be thoughtfully evaluated. (Diseased tonsils and adenoids 
can, and frequently do, retard growth in children, although they are 
only rarely at fault in infants.) 

The child’s nutritional state must be carefully assessed, remembering 
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that a child whose weight measurement falls in a low percentile is not 
necessarily malnourished. His dietary intake and feeding habits must 
be meticulously checked. Lack of subcutaneous fat is noted, remem- 
bering that children of preschool age have a relatively thin layer of it. 
Protuberant abdomen, flabby muscles, pallor, irritability, easy fatigabil- 
ity and poor posture are suggestive of malnutrition. Anemia and 
rickets may accompany this. 


Emotional Malnutrition 


Emotional malnutrition is an intangible entity, but its deleterious 
influence upon growth is well known. Orphans in certain institutions 
where food and hygiene were beyond reproach failed to grow and 
develop properly until they were placed in foster homes where they 
could receive the love and affection which children require. Even in 
seemingly ideal families, where the parents proclaim their love for the 
child, growth failure may be found and may be the clue that the 
child is not really loved and is actually rejected. The mechanism by 
which emotional malnutrition influences growth is not clear: it may 
be by simple anorexia and physical malnutrition, or it may be through 
a more complex psychosomatic device. Nevertheless, its importance 
cannot be minimized, and the physician must not overlook its possible 
presence while he is scrutinizing the urinary tract or the hemoglobin 
level. 


Infection 


Infection was mentioned earlier, but it deserves a separate listing 
here in order to emphasize its importance as a cause of growth failure. 
It is worth while to restate that “minor” infections, often repeated— 
notably respiratory ones—can affect growth significantly. The bed 
rest and inactivity which accompany illness can themselves create nega- 
tive nitrogen and calcium balances in a child and interfere with his 
growth. 


Anemia 


Anemia was mentioned previously in connection with malnutrition 
and infection because they are its common etiologic factors in child- 
hood. However, severe anemia from any cause may retard growth by 
depriving the body of oxygen. Irritability, fatigue and anorexia may be 
symptoms of anemia. Skin color is seldom a reliable index, and it is 
necessary to determine the child’s hemoglobin level. Remember that 
the normal infant, three to six months of age, may have a level of only 











444 GROWTH FAILURE 


10 or 11 gm.; such a level does not seem to affect growth, nor does it 
usually require therapy. 


Poor Hygiene 


Poor hygiene is used here to imply such factors as overcrowding, over- 
stimulation, lack of adequate sleep, an unsanitary home, intimate 
exposure to older siblings, substandard diet, lack of proper parental 
care—the environment of a child in a home of low socio-economic 
status. Poor hygiene probably retards growth by many of the mechan- 
isms already discussed. Often, however, the situation is so complex 
that a child from such a home must be removed to a better environ- 
ment before his growth improves. Many such patients will be seen 
in any free clinic for “underpar” children, and a good social worker 
may accomplish more than the physician can in such a situation. It 
is important to bear in mind that these children may also suffer from 
specific physical defects; they must be examined with care, and 
lack of progress after they have been placed in a favorable environment 
calls for further evaluation of their physical condition. 


Multiple Trauma 


Multiple trauma is found in children who are referred because of 
growth failure with a frequency which makes it imperative to list it 
here. The mechanism by which it affects growth is not clear: tissue 
repair may constitute a nutritional drain; appetite failure may result 
from fear and pain; love and affection may be deficient. It is discov- 
ered by finding skin bruises and by x-ray skeletal surveys which show 
multiple old and new fractures, in the children of “good” families as 
well as in underprivileged groups. Even when the physician is convinced 
that multiple fractures are traumatic in origin, and not due to bone 
pathology, it may be difficult to document the story. The mother who 
has been careless and dropped her infant repeatedly is loath to admit 
this. Without parental knowledge, jealous older siblings may do con- 
siderable harm to their infant brothers and sisters. The physician must 
investigate thoroughly but tactfully. 

It should be noted that damage to specific body parts, as by birth 
injury or poliomyelitis, for instance, can hinder or prevent the growth 
of these. 


Malignancy 


Malignancy is not a common cause of growth failure in childhood 
until it is metastasized and usually obvious, and the child’s condition 
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is terminal. It is mentioned here because parents who present their 
child with growth failure sometimes fear that cancer may be the cause 
and may need reassurance. The physician will naturally bear in mind 
the possibility of a malignancy when he examines any child, palpating 
the abdomen for firm masses, noting abnormal lymph nodes, neurologic 
signs and unusual ophthalmoscopic findings, and checking the hema- 
tologic picture. 


DIAGNOSIS AND TREATMENT 


The child who is referred to the physician because of “retarded 
growth” must first be studied in order to determine the validity of 
the diagnosis. The sizes of the parents and siblings are noted. Current 
physical measurements are assigned to percentile rankings and evaluated. 
Growth failure may be obvious at the first visit, or it may be necessary 
to follow up the child for a time, recording serial measurements and 
noting progress. 

A careful history is obtained. This includes data on the home en- 
vironment and on the size and possible anomalies of relatives. (A social 
worker may often be helpful here.) It gives information on the mother’s 
diet and health during gestation, on the child’s delivery and birth, 
on prematurity and twinning. It gives details of the child’s dietary, 
feeding and bowel habits and of the frequency, duration and type 
of his infections and other illnesses. Previous physical measurements 
may sometimes be obtained from baby books, from the child’s former 
physician or from school health records. 

The physical examination is complete and stresses the shape of the 
body, its proportions, its nutrition and maturity, bearing in mind the 
child’s age and sex. Search is made for anomalies, and signs of trauma 
and hypothyroidism. The heart, lungs, skeleton, gastrointestinal tract 
and urinary tract are studied by suitable roentgenologic techniques. 
A complete blood count and urinalysis are performed, and appropriate 
cultures are obtained. Tuberculin and serologic tests are made. The 
blood level of nonprotein nitrogen is determined. The feces are ex- 
amined. If indicated, the duodenal juice may be examined for viscosity 
and proteolytic activity, and the blood levels of electrolytes and protein- 
bound iodine may be measured. Subdural taps may be performed. 

There are many causes for growth failure, and the physician must 
determine the presence of one or several of these when he examines 
his patient. The work-up suggested will help to reveal most of the 
common factors which affect growth and development. The list given 
is reasonably complete, but additional investigations may of course 
suggest themselves when an individual child is examined. 

The treatment of the child with retarded growth obviously depends 
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upon the cause of the retardation. If the cause is remediable, treatment 
may require the services of a nutritionist, a psychiatrist, an allergist, 
a social worker, a surgeon, a cardiologist, a neurologist, a urologist, or © 
several of these specialists. Clinics with growth problems as their 
special interest have found a “team” approach useful. 

Unhappily, no remediable cause can be found for the growth failure 
of some children. At other times no specific cause can be found, and 
thus no specific treatment is possible. When the physician has satisfied 
himself that he has made a thorough examination of such a child and 
that he has not overlooked an etiologic factor, he must reluctantly 
conclude that the child is runted. His task is not finished, however, 
until he persuades the parents, and ultimately the child, to accept 
the fact that some human beings are small and that, for this, there 
is no cure. 
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A PRACTICAL APPROACH TO COMMON 
BEHAVIOR PROBLEMS 


JAMES G. HUGHES, M.D. 


The fundamental objective of pedi- 
atrics is to guide children safely and happily through childhood so that 
they will become healthy, well adjusted, normal young adults. This 
implies a high quality of health supervision in every aspect of the 
child’s life to the end that physical, mental and emotional growth 
and development will progress normally. Keeping the well child well 
and comprehensive consideration of the child as a whole are the very 
foundations of pediatric practice. With certain exceptions, organic 
illness is merely an intercurrent episode temporarily interfering with 
the child’s progress, and should no longer be the sole preoccupation. 

The responsibility of the pediatrician—the medical guardian of the 
child—is a total one, total in the sense that every facet of the child’s 
development should be taken into consideration. How the child feels 
and acts should be evaluated as carefully as the diseases he bears. 
Preventive pediatrics should extend beyond immunizations, nutritional 
supervision and serial physical examinations to include guidance in 
formation of habits, avoidance of common behavior problems and a 
constant effort to afford the best environment for the development of 
a stable personality. Thus children become persons, not “cases,” and 
parents not mere transporters of patients, but interesting people with 
whom we work sympathetically to bring out the best in the child. 

The majority of us are so preoccupied with treatment of childhood 
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diseases that we lose sight of the child himself. ‘This is partly due to 
tremendous scientific advances featuring almost daily discoveries of 
great magnitude. There is so much to learn of new techniques, new 
drugs and “new” diseases. We become blinded by the very brilliance 
of modern medicine. We find it difficult enough to deal with tangible 
diseases subject to precise tests and specific therapy. We have little 
time and less interest for the intangible subtleties of the spirit. 

Perhaps even greater reasons why physicians tend to avoid, or man- 
age in a perfunctory manner, problems of emotional origin are that they 
either think they do not have time to go into them fully or they feel 
incapable of handling them effectively. 

It is not that physicians are actually uninterested in these matters. 
The truth is that until recently the sciences of psychology and psychia- 
try cast about themselves such an air of mystery and spoke in such 
strange language that the vast majority of physicians were frightened 
away. The impression arose that it was mandatory to spend years of 
special study in child psychiatry before daring to touch the lives of 
children, and that those without formal training had no_ business 
meddling in matters so complicated and esoteric. 

Fortunately this has been changed greatly. ‘There is now a wealth 
of easily available material that translates these subjects into everyday 
terms that are clinically useful. This has served an admirable purpose 
in making available in simpler form the special knowledge of experts 
in these fields. As a result, an increasing number of physicians without 
formal psychiatric training, but with intelligence and a deep interest 
in the problems of children, are able to manage effectively the less com- 
plicated problems, which form the bulk of those seen in practice. 

There are many reasons why the family physician or pediatrician 
should manage the simpler problems of emotional origin, so far as he 
is capable by virtue of training, experience and interest. (1) To begin 
with, many matters of maladjustment stem from family situations with 
which he is already well acquainted, so that he is often halfway to a 
diagnosis when he first approaches the problem. (2) Furthermore, 
parents usually have implicit faith in their physician, cooperate to 
the best of their ability, and are less reluctant to give additional infor- 
mation to him than they would be to a specialist, often a total stranger. 
(3) A special reason is that he is in a position to detect problems in 
their earliest stages and to take action before they have achieved too 
much significance. (4) Also, many parents dislike having their child 
sent to a psychiatrist or a child guidance center, no matter how excel- 
lent these are. To many parents such a step suggests that the child 
may have an unusually serious condition, and to others it represents 
something of a reflection on the family. (5) Finally, there are not 
enough psychiatrists to care for more than a small fraction of the 
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parents and children who need emotional guidance. Unless family 
physicians and pediatricians accept responsibility for the management 
of simpler forms of behavior problems, the vast majority of children 
will receive no professional guidance whatsoever. 

It is the purpose of this paper to discuss in simple terms how common 
behavior problems can be managed successfully under the ordinary 
circumstances of a busy practice. ‘The assumption, obviously erroneous 
for many readers already interested and well schooled in the subject, 
is that the physician has had no special training in problems of emo- 
tional origin, but realizes their importance and wants to improve his 
approach to them. The discussion will be as practical as I can make 
it, and nothing will be recommended with which I have not had first- 
hand experience in the arena of private practice. Although prevention 
of behavior problems is the real goal, chief emphasis in this paper will 
be upon management of established problems of emotional origin. 

To avoid misconceptions, let me state that I am a pediatrician rather 
than a psychiatrist, that I have had no formal training in child psychia- 
try, but that I have been deeply interested in this aspect of pediatrics 
for a number of years. Watching my own three children growing up has 
also been an interesting and valuable experience. 


BASIC REFERENCES 


Certain reference material has been of much help to me, and I would recommend 
it heartily to my readers. Hale Shirley’s5 Psychiatry for the Pediatrician and Bakwin 
and Bakwin’s! Clinical Management of Behavior Disorders in Children are perhaps the 
most readable and informative accounts of the emotional and mental progress of the 
child, establishment of habits, deviations from normal, and management of behavior 
problems. Kanner’s? Child Psychiatry is also a valuable source. Most physicians are 
familiar with Spock’s* Baby and Child Care and Schick and Rosenson’s* The Care of 
Your Child. Both these little books contain much of practical importance in regard 
to establishing the proper environment for sound emotional growth. There are other 
excellent references, but these will suffice for initial indoctrination. 

An intelligent physician who studies these references thoroughly, applies their prin- 
ciples in daily practice, has a true interest in parents and children and has the capacity 
to be self-critical can certainly train himself to manage effectively the common be- 
havior problems. It is evident that help from psychiatrists, psychologists and child 
guidance centers will be required for children with more complex problems, those 
requiring a great deal of psychotherapy and those whose parents are themselves seri- 
ously deranged. 


INITIAL CONTACT WITH THE PROBLEM 


In his approach to behavior problems a physician either actively 
searches or passively waits. If he is properly oriented and alert to the 
psychologic aspects of children, he may note early deviations from nor- 
mal in his contacts with the child in the office or the home, and tact- 
fully afford an opportunity for the parents to mention the problem. 
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This is the preferable approach, since it often permits early considera- 
tion of the problem before it has become more serious. ‘Thus, when 
the physician observes that the child clings to the mother unduly, or 
exhibits marked shyness, or sucks his thumb during much of the visit, 
or in other ways openly demonstrates a tendency to a beginning prob- 
lem, he may diplomatically inquire whether the child often acts in 
this way and whether it has been a concern to the parents. This should 
be expressed in an understanding and sympathetic manner, without 
trace of criticism. If managed properly, many a parent will feel that 
the physician is truly interested in the child and will express the prob- 
lem more fully, leading to subsequent management of it. This is what 
I would call the questing approach, the active searching out of the 
problem, having one’s tentacles out. Of course it can be overdone, and 
it can give rise to undue concern on the part of the parent if the ap- 
proach is not tactful. But it is just the opportunity many parents need 
to bring themselves to discuss openly something they have really felt 
to be wrong. One must remember that many parents are inherently shy 
and reserved, that some have never thought of mentioning minor be- 
havior problems to their physician, and that others have not really 
recognized the actions of the child as showing a deviation from pre- 
ferred behavior. 

Too often the physician never concerns himself with a behavior 
problem until the parents themselves openly request help. By then many 
a problem has achieved major significance, and the golden opportunity 
to erase it has passed. This passive waiting for parental complaint ex- 
plains much of the failure of preventive mental hygiene. 


ARRANGING THE FIRST CONFERENCE 


Perhaps the commonest error in approaching behavior problems is 
failure to plan properly. Too often, when it is suddenly discovered in 
the rush of practice that one of the children has a behavior problem, 
the physician is tempted to evaluate the situation superficially. This 
can lead only to inadequate therapy based on insufficient information. 
Such glossing over of behavior problems is dangerous, in that the prob- 
lem is seldom corrected, often becomes more deep-rooted, and confi- 
dence in the physician is impaired when it becomes obvious how poor 
the results are. 

When it is apparent that there is a behavior problem of more than 
minor proportions, the physician should immediately suggest a reap- 
pointment for the specific purpose of considering it fully. Parents 
quickly sense the value of special consideration—indeed, often hunger 
for an opportunity to pour out their problem. Perhaps a child has been 
brought to the office with fever and tonsillitis, and, during the visit, the 
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mother mentions that he wets the bed. Instead of giving perfunctory 
advice on enuresis, it is better to say, “I can see how you are concerned 
about the bed-wetting, and I want to help you. Actually, a problem 
like this is often more important than simple tonsillitis. If we are going 
to solve the problem, it will take time—more than I had arranged for 
today. When could you return to the office so that we could really go 
into this matter thoroughly?” Agreement on the return visit is reached, 
the appointment book is brought out, and then and there it is settled 
that she will be back at a specific time for the sole consideration of 
the problem. I cannot recall a parent who failed to see the sense of this, 
or one who did not return. It is all a matter of simple sincerity on the 
part of the physician. He then approaches the problem with a fresh 
viewpoint, instead of in an atmosphere of harried frustration with other 
patients waiting to be seen. 

Depending upon the complexity of the problem, more than one 
conference with the parents and with the child may be required. Sub- 
sequent conferences are also arranged by specific appointment, so that 
the physician is not harassed by the ordinary demands of practice. 
Approached in this manner, working with behavior problems becomes 
interesting, stimulating and rewarding. 


CIRCUMSTANCES OF THE FIRST CONFERENCE 


The parents should be interviewed separately from the child, and 
the child apart from the parents. The parents and physician should 
say nothing concerning the behavior problem when the child is in the 
room. It is like vivisection to dissect a child’s personality in his presence. 
Children are quick to resent this, and the experience is emotionally 
traumatic. It may make their troubles more deep-rooted. Physical ex- 
amination of the child, possible laboratory tests and conferences with 
the child will be discussed later. 

Whether to have both parents present at the first interview, or to 
have conferences with them separately, depends upon the nature of 
the problem. If the physician has advance information that the parents 
have been quarreling and bickering, or indulging in mutual recrimina- 
tions, it is usually profitable to hold separate conferences with them, 
at least at first. If an acceptable degree of harmony prevails, there is 
great advantage in obtaining at the beginning the opinion of both 
parents. Too often the father is left out completely on the basis that 
he is too busy at his work. This is a serious mistake, especially in deal- 
ing with problems of older boys, in which the need for close relation- 
ships with the father is especially keen. 

Suitable privacy and freedom from distracting interruptions should 
be afforded. One cannot bob in and out of a conference room and 








452 A PRACTICAL APPROACH TO COMMON BEHAVIOR PROBLEMS 


expect to elicit confidence and cooperation. Better to guarantee twenty 
to thirty minutes of privacy and solve the problem in a series of con- 
ferences than to prolong an interview to the point at which it becomes 
impossible to fend off other duties of practice. In fact, there are posi- 
tive benefits in working up a problem through a series of short con- 
ferences. Parents often need time to think about what was said in the 
first conference and to make up their minds how far they want to 
bare their souls to this particular doctor. It is common experience for 
them to withhold delicate information until the third or fourth con- 
ference. Also, little suggestions the physician has made when a slight 
change in management is clearly indicated may be bearing fruit and 
stimulating confidence. 

Two chief objectives of such conferences are to evaluate the problem 
accurately and to win the cooperation of the parents. The first ingredi- 
ents for success are genuine interest and real sympathy for the problem 
and the people involved. 

The physician should remember that, when first interviewed, parents 
are often nervous, uncertain, apprehensive or defensive, and feel inade- 
quate, guilty or confused. An important essential is to put them at their 
ease. One should especially avoid an attitude of criticism or condemna- 
tion. We are doctors, not judges. A friendly, objective manner is best. 

It often helps to tell the parents early in the first interview that their 
problem, though important, is not highly unusual, but is common to 
many families. The knowledge that others face the same problem, and 
that the physician has often dealt with similar situations, is reassuring. 

Without interrupting the parents unduly, it is helpful to insert a 
casual but genuinely felt remark from time to time, such as “I can 
see how you must have been disturbed by that” or “I can appreciate 
how you thought that was a wise thing to do.” The physician should 
show no surprise at whatever is told to him. If he has been practicing 
many years, few things will surprise him anyway. 

The capacity to be a good listener is all-important. The wise phy- 
sician gives his patients medical “attention” in the literal sense of the 
word. Although they often pour out their problem in a disconnected 
fashion that lacks the orderly sequence of an intern’s history, he under- 
stands that this is normal and that “getting it off the chest” or “telling 
all” helps clear many tensions. It is quite like a religious confession. 

Note-taking is reduced to a minimum, since fast and furious scrib- 
bling interferes with the flow and continuity of the parents’ story. 

The conference with the parents may be thought of as consisting of 
three parts: (1) the initial statement, in which they describe the prob- 
lem as they see it; (2) questions by the physician to bring out in greater 
detail matters that the parents have mentioned; (3) completion of 
the history by questions covering aspects not previously discussed. 
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In general, one should be careful not to interrupt the initial story if 
at all possible. One is studying these parents, just as they are evaluating 
the physician, and much can be learned about them by the manner in 
which they present the case. Only if endless rambling ensues should 
the physician venture an occasional remark to get the story back on the 
subject. 

When the parents have come to the end of their remarks, the phy- 
sician asks questions that elicit more information on phases of the 
problem that the parents have already mentioned. When, as is usual, 
several aspects of behavior have been brought up, he selects the one 
that is psychologically least traumatic to the parents and begins with 
it, then considers the next least disturbing, and so on. For example, the 
initial complaints may have involved anorexia, jealousy of a sibling and 
marked destructiveness. Since a great many children do not “eat enough 
to keep a bird alive,” it is obvious that this type of problem is not 
charged with parental emotions to the extent that the child’s destructive- 
ness is. Sibling rivalry is also common, and could be taken up next. 
Destructiveness, the aspect of behavior that disturbs the parents the 
most, should be considered last. Thus, step-by-step the material is con- 
sidered in an ascending order of severity. In the early stages mu- 
tual understanding is being established between the physician and the 
parents, and by his approach they become more willing to give 
full information concerning the more disturbing features of the prob- 
lem. 

After everything the parents have voluntarily mentioned has been 
considered, the physician then obtains in this and succeeding confer- 
ences the necessary information to round out the total evaluation of 
the child, parental attitudes, parent-child relationships, and other mat- 
ters affecting the emotional life of the child. 

One should be extremely careful not to go too far in the first inter- 
view. Questions involving intimate details of the lives of the parents 
and their relationships to one another should be avoided unless the 
parents themselves bring them up or there is a clear opening for their 
introduction. If the problem is not a simple one requiring only a minor 
degree of guidance, additional interviews will be needed anyway, and 
one should give the parents an opportunity to think things over before 
going on. If the right approach has been made in the first conference, 
the parents will talk together and agree that the physician is trying to 
be helpful and has a personal interest in their problem. It is often amaz- 
ing to see what additional information will then be given in the second 
conference. The initial story may be completely changed. The very 
heart of the problem may be revealed. 

In obtaining the psychiatric history one should avoid the step-by-step 
application of an outline. Of course a mental outline is used, but 
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parents often resent steady interrogation. The same information can 
be obtained more informally and pieced together. 


EXAMINATION OF THE CHILD 


The full medical history of the child may be taken in the child’s 
presence, since he is accustomed to having the physician ask his parents 
questions while he is in the room, but no mention should be made in 
his presence of any aspect of behavior. After the history and the physical 
examination, he can amuse himself in the waiting room or elsewhere 
while the physician talks in private with his parents. In some instances, 
especially in dealing with older children, it may be better to have the 
parents return at a later date without the child for the first confer- 
ence on the behavior problem. 

The physical examination should be done with special thoroughness. 
Parents frequently ascribe abnormal behavior to physical disease. ‘The 
“thorough examination” is helpful to convince the physician of the 
absence of an organic condition that would explain the problem, but 
most of all to give the parents the same assurance. A superficial survey 
and a hasty statement that the child “looks all right” may completely 
destroy confidence. 

When minor physical abnormalities are encountered, only experi- 
ence will indicate whether they account for all, or any part, of the 
behavior problem. Such minor abnormalities should be corrected, if 
possible, but their etiologic role should be played down, or the parents 
will subsequently be disappointed when improvement of the physical 
condition does not lead to improvement of the behavior problem. 


Tests and Laboratory Procedures 


A routine urinalysis and complete blood cell count should be per- 
formed, and additional tests may be indicated by material brought 
out in the history and examination. The purpose should be to request 
only the minimal amount of laboratory tests. In certain instances, 
however, the parents will not be content unless some special test is 
performed, such as obtaining a chest roentgenogram. In such circum- 
stances it is part of the therapy to obtain the test. The opposite 
approach obtains when the physician orders a large number of tests 
without adequate reason, merely in the hope of “turning up some- 
thing.” This may lead to frightening experiences for the child and 
undue expense for the parents. 

A ps\chometric test should be obtained if the child is having undue 
difficult, in school, if there are other aspects of the case that suggest 
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impaired mentality, and especially if the problem is obscure. In practice, 
the vast majority of children with behavior problems do not require 
mental testing. 

If a child appears to pay little attention to his parents’ requests, or 
does poor work in school, it is wise to evaluate hearing ability, prefer- 
ably by means of an audiogram. If he holds books close to his eyes, 
complains of discomfort of his eyes or has difficulty seeing what is on 
the blackboard, his visual acuity should be determined. If he experi- 
ences unusual difficulty in reading or writing, the possibility of a specific 
reading disability should be explored. 

Once having examined the child carefully, it is important not to 
re-examine him repeatedly. This may give the impression to the parents 
and to the child that perhaps there is some doubt in the physician’s 
mind, and that there is a possibility that some organic condition may 
actually be the cause of the trouble. These lingering doubts may be 
difficult to dispel. 


CONFERENCES WITH THE CHILD 


Conferences with the child often help determine the nature of the 
disturbance and establish the proper rapport for subsequent solution of 
the problem. The level at which the conference is pitched is all-impor- 
tant. The approach must be carefully related to the child’s age and 
intelligence, for otherwise the physician will be too advanced for one 
child and will insult the intelligence of another. Children are some- 
times resentful toward anyone who pries into their thoughts and feel- 
ings, and may show a bristling defensiveness. A patronizing attitude is 
especially to be avoided, as is lecturing or condemning the child. 
Sometimes it is better at first to say nothing to the child concerning 
his problem, but to talk casually of school or sports, or his other activi- 
ties, thus remaining the one adult who does not seem to peep into his 
soul. Careful maneuvering may later result in much information from 
the child as he grows friendly and trusts the physician more. 


CONFERENCES WITH TEACHERS AND OTHERS 


Since school plays an important part in the child’s emotional life, 
a conference, or at least a telephone conversation, with the teacher 
may be helpful. One should remember that, as a group, school teachers 
help solve more problems than they create, and logically resent any 
implication that they may have contributed to the child’s disturbance. 

Sometimes it is advisable to talk with other adults who live in the 
home, such as a grandmother or aunt. 
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SUMMING UP THE PROBLEM 


When the physician has formed his opinion as to what has caused 
the behavior problem, he formulates his analysis in simple words, avoid- 
ing psychiatric terminology as far as possible. The purpose is to show 
how the problem arose, why the child behaves as he does, and what 
can be done to mend matters. It is not at all necessary to give some 
fixed diagnostic term to the problem. 


GENERAL APPROACH TO THERAPY 


sranted that a complete evaluation has been made, one should cor- 
rect simultaneously, if possible, all deviations from normal behavior. 
Attempting to solve all the overt problems at once is usually helpful, 
since they often arise from similar fundamental causes. Thus, if the 
child has temper tantrums, a feeding problem and enuresis, it would 
be advisable to approach all the problems together rather than piece- 
meal. In other instances it may be better to work first with one simple 
aspect of a complicated problem. 

Sudden changes in management may be less effective than more 
gradual alteration. Sometimes a child, particularly an older one, becomes 
wary when a complete reversal of methods of management is accom- 
plished suddenly. Announcements that “things are going to be better” 
are less effective than quietly making them so. 

Suggestions for improvements in management should be practical 
and applicable in the particular situation. For example, there is little 
advantage in stressing the need for more room for the children when 
it is apparent that financial limitations prevent more spacious quar- 
ters. When parents are unable to provide what the physician has de- 
clared necessary, they are put into an unhappy position, which may 
accentuate their own difficulties. 


SCOPE OF EVALUATION 


So far I have discussed the importance of problems of emotional 
origin, reasons why family physicians and pediatricians should manage 
the less complicated ones, what books will afford excellent instruction, 
and how one may fit this work into the frame of practice, and have 
given suggestions concerning techniques and methods of conducting the 
psychologic evaluation. It is, of course, impossible in a paper of this 
length to mention all the factors that impinge upon the personality 
of the child and thereby influence his emotional adjustment. Only the 
broad outlines will be discussed, but these are the items that constitute 
the actual content or scope of the investigation. The reader is referred 
to the books I have mentioned for detailed history outlines which will 
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cover the important points in any study of a child. Of course, even 
these do not suffice for evaluation of every child, since each child’s 
problem differs in greater or less degree from that of others. The main 
thing is to obtain a total picture of the psychologic situation. This 
implies a knowledge of the emotional needs of children, parental atti- 
tudes, child-parent relationships, and relationships to others in the 
home, neighborhood, community, and so on. 

One of the commonest errors is to peck at the problem in piecemeal 
fashion. Bed-wetting is treated as an isolated event, destructiveness is 
managed on a localized front, temper tantrums are handled by tem- 
porary maneuvering. ‘here is undue fixation on the immediate aspect 
of the problem, but insufficient consideration for the underlying reasons. 
The approach is thus by probing patrol action rather than by full 
frontal attack. Tactics is emphasized at the expense of strategy. This 
road leads only to frustration, because the problem is being treated 
rather than the child. Analyzing and managing abnormalities of be- 
havior without full evaluation is like treating organic illness without 
a complete history and physical examination. One should remember 
that the overt action of the child, the external expression of the be- 
havior problem, merely represents the outcropping of internal disturb- 
ance. What may appear to be identical abnormalities of behavior in 
two children often arise from quite different causes and require differing 
treatment. 


Basic Information 


The basic information desired in a psychologic evaluation of a child 
is whether or not his emotional needs are being met, the attitudes of 
his parents, the parent-child relationships, the relationships between 
the child and other adults in the home, his relationship to his siblings, 
and how he gets along in the neighborhood, the school and the com- 
munity at large. Space permits only brief mention of these separate 
factors. 

Emotional Needs of Children. Shirley® lists the basic emotional needs 
of children as follows: (1) affection, (2) security, (3) acceptance as 
individuals, (4) self-respect, (5) achievement, (6) recognition, (7) 
independence, and (8) authority. Knowing what these needs are is 
comparable in psychologic evaluation to knowing what nutritional 
needs are in physical evaluation. Whether or not they are being met 
adequately should be determined in the study of any child with a 
behavior problem. They can be described simply as follows. 

AFFECTION. The most important emotional need of the child is to be 
loved by his parents, and to know that whatever happens to him he is 
sure of this love. Without it, he becomes insecure and tense, and may 
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exhibit nervous habits, functional complaints and, in advanced cases, 
even jealousy, spitefulness and hate. 

security. The young child with his raw drives runs headlong into 
all the restraining influences of family and community that seek to 
civilize him and make him a conforming member of society. He is con- 
stantly finding out what he is permitted to do and what is forbidden. 
Buffeted by these experiences, he has many opportunities for feelings 
of uncertainty and insecurity. 

Common threats to the child’s security are quarreling of parents, 
threats of separation, divorce, illness or death of a loved one, acute or 
chronic illness of the child himself, intense sibling rivalry, frequent 
change of residence or school, threat to the family’s economic security, 
belonging to a minority group, failure to do well in school, and belief 
that the parents do not love him. 

Common manifestations of insecurity are anxiety and tension, nervous 
habits, timidity, seclusiveness, bodily complaints such as abdominal 
pain or headache, and, in some cases, overcompensation by aggressive 
behavior. 

ACCEPTANCE AS AN INDIVIDUAL. Since children differ physically, men- 
tally and emotionally, it is important to avoid attempts to channel rig- 
idly their activities, interests and ambitions. They should be accepted 
for what they are rather than be cast into roles for which they are not 
adapted. The children with little talent for such things may exhibit 
tension and functional complaints when urged to excel in music, school 
work, sports, and so on. Most parents find little difficulty in accepting 
the child for what he is. ‘The mere fact that they have a child is to them 
a bountiful blessing. There is something fine about every child, if it 
be only childhood itself. 

SELF-RESPECT. The child needs to feel his worth, his adequacy to meet 
problems, to achieve success and to have this success recognized. Any- 
thing that instils ideas of inferiority disturbs him greatly and may 
lead to timidity and seclusiveness in an effort to avoid his problems, or 
to aggressive behavior in overcompensation. 

ACHIEVEMENT. The normal ceaseless activity of the growing child is 
often met with “don’ts,” until he is so constantly thwarted that he 
rebels in one way or another. Parents frequently suppress achievement 
by such things as delay in weaning, delay in introducing solid foods, 
reluctance to permit use of cup and spoon, dressing and bathing the 
child long past the time when he could do these things himself, and 
having exaggerated ideas concerning dangers of climbing, riding bi- 
cycles, crossing streets, and so on. 

RECOGNITION. As far as young children are concerned, virtue is seldom 
its own reward. They need recognition of achievements and approval 
of parents and playmates. They need personal interest of parents in 
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their activities, a thing often given only lip service in this complex, 
fast-moving modern world. A child is always his parents’ most important 
business. If this business is neglected, there is bound to be a bankruptcy 
of affection. It is amazing how often a behavior problem can be im- 
proved when the parents really demonstrate interest in a child’s 
activities and take time to be with him. 

INDEPENDENCE. As the child grows, his maturing powers permit him 
to do bigger and better things, and he becomes increasingly the master 
of his fate. The emphasis of family and community on conformity may 
set up barriers to his expanding powers, leading to friction that may 
manifest itself in various ways. Parental autocracy may engender resent- 
ment, which may break into open rebellion or smolder as secret hos- 
tility. On the other hand, other children meekly forfeit independence, 
and, never knowing freedom, never yearn for it. How to achieve liberty 
without license is, of course, the problem—the same for children as for 
nations. Some parents unconsciously thwart independence because they 
cannot stand to see the child grow up. Emancipating a child is a psy- 
chologic struggle. 

AuTHOoRITY. Without the stabilizing influence of a certain measure of 
authority, mixed with affection, a child will flounder emotionally. He 
needs to know the rules of the home, neighborhood, school and com- 
munity. ‘This not only steadies his outlook, but also prepares him to 
accept necessary restraints later in life. Some of the worst behavior 
problems I have seen were primarily based on lack of reasonable exer- 
cise of authority by the overprotecting parents. It is not a kindness to 
permit a young child unbridled freedom. He must first be helped to 
understand how to use it properly, just as we would not think of trust- 
ing a six year old with a shotgun. 

Attitudes of Parents. Chief parental attitudes to investigate are 
whether or not they truly love the child, whether they actually reject 
him, whether they overprotect him, and whether they unduly dominate 
him. 

Love. Love and affection for the child is the most important parental 
attitude. Parents ordinarily do not need anyone to tell them to love 
their children. The perpetuation of the human race rests upon the prob- 
ability that they will. Nevertheless, at the bottom of many a beh-vior 
problem is a lack of love. 

Most parents easily demonstrate their affection for the child in 
countless ways that he understands and accepts, but some parents find 
it difficult to adopt the informality that is so appealing to children. 
They feel uncomfortable in telling stories, reading aloud, playing games, 
singing to the child, and in other ways meeting the child at his level 
of interest. Cast in a somewhat formal mold, they cannot unbend from 
austerity. Not infrequently the child interprets this to represent a lack 
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of love. Encouraging such parents to express their affection more 
openly often results in improvement of a behavior problem. 

REJECTION. Causes for rejection are many, including (1) immaturity of 
young parents, who find themselves incapable of easily assuming the 
obligations of parenthood; (2) an undesired pregnancy when the par- 
ents are economically insecure; (3) use of pregnancy to patch a broken 
romance in the thought that the advent of the child will call for cessa- 
tion of hostilities; (4) the child’s presence interfering with the mother’s 
“career” (as if rearing a child properly were not career enough); (5) 
the child not being of the desired sex, or not meeting expectations 
physically, intellectually or emotionally; (6) rarely, that the child is 
chronically handicapped or deformed (such children are not often 
rejected—in fact, are usually showered with love and affection); (7) 
scientific detachment, whereby the mother or father prefers psychologic 
dissection to parental affection, viewing the child as an interesting 
biologic experiment warranting constant analysis of attitudes and 
actions. 

Actually, parents seldom wholly accept or completely reject a child. 
Fortunately, acceptance ordinarily dominates, but any child is at least 
occasionally a “sweet problem.” The most considerate and affectionate 
of parents finds it difficult to suppress transient feelings of rejection 
when the child tracks muddy footprints indoors, breaks treasured ob- 
jects or in other ways creates a scene. On the other hand, the most 
rejected of children may experience warm moments of acceptance, but 
they are only as the winter sun, quickly hidden by clouds. 

Rejection is more often concealed, less often openly expressed. Par- 
ents frequently withhold evidence of rejection until the third or fourth 
interview. Since it is abnormal not to love one’s flesh and blood, guilt 
feelings arise, and parents may seek to assuage their consciences by 
overcompensation. In lieu of love and affection, they shower the child 
with material comforts, request meticulous medical supervision, encour- 
age eating to the point of causing obesity, and in other ways uncon- 
sciously seek to hide their abnormal feeling from the eyes of the 
world. 

OVERPROTECTION. In their normal desire to spare their child the 
vicissitudes of life, some parents overprotect him. They pick him up and 
walk him about whenever he cries; they feed, dress and bathe him 
long past the time when he could accomplish these things for himself; 
they select only the nicest, most malleable playmates for him; they 
overemphasize medical supervision; they urge food to stave off illness 
and thereby produce obesity; they do the homework for the school 
child; and in countless other ways they lay a carpet of flowers along 
life’s thorny paths. Such children often emerge as submissive, inde- 
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cisive, incompetent adolescents at the mercy of a world that treats 
them with intolerable impartiality. 

Some overprotected children become docile, submissive, agreeable 
to all parental desires, shy and seclusive, fit poorly into groups, and are 
channelled into hypochondriasis. Others run roughshod over their 
parents, who never exercise firm authority, become impolite and even 
impudent, and are domineering, aggressive and increasingly insistent in 
their demands. 

DOMINATION. Another factor meriting consideration is parental domi- 
neering and overambition. Imposition of autocratic discipline, insistence 
upon perfect performance, and planning more for the child than the 
child can achieve, may give rise to tension, insecurity and feelings of 
inferiority and failure. Children may react with complaints of fatiga- 
bility, headache, abdominal pain or vomiting. Dawdling and delay may 
become prominent features of behavior—the childhood equivalent of 
a “slow-down strike.” Other children resent domination and become 
rebellious. As the child grows older, open conflict may occur, and the 
child’s vehemence may gain him freedom from oppression. Parents may 
be startled to find that the child resents what, in their opinion, is good 
for him. 

Fortunately, most parents know the wisdom of dominating their chil- 
dren just enough to civilize them and to give the stability that goes 
with a measure of parental authority. Most parents are so pleased with 
their children that they do not spend too much time and effort erecting 
lofty ambitions for them. After all, the saving grace of the world is that 
there are so many normal people in it. 

Relationships to Others in the Home. The evaluation should also 
include determination of relationships in the home between the child 
and adults other than the parents, and the child’s relationships with 
his siblings. With regard to other adults, the same information is 
sought as is obtained about the parents. Sibling rivalry is natural in 
some degree, but frequently gets out of bounds. It is fostered by 
invidious comparisons between children, favoring one child more than 
another, and in other ways accentuating the competition for affection 
of parents that is normal with all children. 

Other Factors in the Home. Besides relationships with parents and 
other adults and with brothers and sisters, many other factors in the 
home also affect the adjustment of the child. One may list them as 
space for play and other activities, economic status, social status, social 
attitudes of parents, illness of parents, broken homes, and the way in 
which discipline and punishment are meted out. 

Factors outside the Home. The principal factor outside the home 
is often the school. One seeks to know the relationship between the 
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child and his teachers, how he performs in his work, and how he gets 
along with his schoolmates in the classroom and out. The relationship 
of the child to his associates in the neighborhood and community also 
deserves study. 


ILLUSTRATIVE CASE HISTORIES 


cAsE 1. I first saw Jack when he was 13 years old, and he was the acme of psychologic 
disturbance. He grimaced repeatedly, impulsively threw his arms out in a stereotyped 
manner, and frequently emitted shrill barking noises. He fitted exactly the descrip- 
tions of Gilles de la Tourette’s disease (impulsive tics). Life was miserable for him. 
He was failing in school, and he had few playmates. He was ashamed to go to church 
or Sunday school because of his barking noises, and he frequently asked, ““What is 
there for me to live for?” 

His parents were highly intelligent and economically secure. When Jack was 5 years 
old, his father was called to active duty as an officer in the Navy and was overseas 2 
years. Jack missed him terribly and seemed to be tense while his father was away 
(threat to security). 

While his father was overseas, Jack lived with his mother and grandparents, and 
nothing was too good for him. He was given everything he ever asked for and became 
greatly “spoiled” (overprotection ). 

Jack’s father was assigned to a ship that carried ammunition to the Anzio beach- 
head. The German bombs and shells landing close by set him on edge, as one can well 
imagine, and he began to drink heavily to settle his nerves. When he came back from 
the war, he continued to drink more than he should. At first his wife was sympathetic, 
realizing the dangers he had been through, but eventually on many occasions took him 
to task in front of Jack (quarrelling of parents). 

Soon after the father had come home, his wife became pregnant. When Jack’s sister 
was born, he was intensely jealous of her (sibling rivalry), partly because the parents 
had not prepared Jack for a rival (failure of preventive mental hygiene). When his 
mother was in the hospital, Jack was shunted to his grandparents and worried a great 
deal about his mother’s condition (threat of loss of a loved one). Unfortunately, soon 
after she returned home she had to re-enter the hospital for a puerperal infection, and 
remained in the hospital for 2 months. During this time Jack lived with his grand- 
parents and his father and the hated new arrival and missed his mother greatly, al- 
though he was showered with attention (threat to a loved one, overprotection, sibling 
rivalry). Finally his mother returned home, but she gave all her attention to the new 
baby, a fact which intensified Jack’s jealousy. 

At this time, with a new baby in the home, the quarrels between his frequently 
inebriated father and his mother became more intense, and Jack was visibly moved by 
the bickering. One evening at the dinner table he suddenly threw his arms out at 
shoulder height, and this soon became habitual. Grimacing soon followed, and shortly 
afterwards he began to make barking noises. 

A pediatrician thought he had chorea and treated him for this, but to no avail. He 
did not investigate the psychologic background (treatment of outward manifestations 
without investigation of inner disturbances). Later a psychiatrist was consulted, and 
for the 3 years before I saw him Jack had gone once a month to the psychiatrist. He had 
grown steadily worse, however, and the psychiatrist had continually told the parents 
that he had “some strange disease” (attempt to fit behavior problems into stereotyped 
diagnostic categories). ‘The psychiatrist had had no thorough talks with the parents 
to allay their apprehension and to explain what had happened to the child (failure to 
orient parents). 

As a result of his mother’s insistence on stopping drinking, his father joined 
Alcoholics Anonymous and for the 3 years before I saw Jack had not “touched a 
drop.” His father was very occupied with his business and spent little time with the 
boy, who yearned for more time with his father and actually thought his father did 
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not care for him (failure to demonstrate affection by overt interest in a child and lack 
of recognition of the child as an individual) . 

Jack hated everybody, or at least said he did, including school teachers (“They 
always try to pry into what you're thinking’) and especially doctors (““They don’t 
know what they’re doing”). He expressed thoughts of suicide. 

A full psychologic evaluation was obtained in a series of conferences. The physical 
examination and laboratory work were normal. The history was normal, and there was 
no evidence of prenatal, paranatal or postnatal damage to the brain. An electro- 
encephalogram was normal. The child’s intelligence quotient was “at least 135 and prob- 
ably higher” (near genius) . 

Conferences with Jack were most fruitful. He was boisterous and loud (overcom- 
pensation by aggressiveness), and he expressed hatred for teachers and physicians with 
an intensity seldom seen in a child. 

The development of his behavior problem was traced step by step with his parents 
so that they understood what had happened to him and what was necessary to correct 
his difficulty (diagnosis in simple terminology). They were told emphatically that he 
had no incurable mental disease (as they had suspected). Jack was also told just how 
his condition had developed, that it was rather natural to act as he did under the cir- 
cumstances, but that he was going to get a great deal better. It was said that many 
people are “a bit nervous,” but that it is easy to overcome it if you know why it 
happened. 

Jack’s chief interests were archeology (he dug holes all over the backyard looking 
for fossils), classical music (he had many albums, but no new ones in 3 years) and the 
out-of-doors. His father was requested to arrange his schedule so that he came home in 
the evenings a half-hour earlier than formerly and spent this time with the boy (need 
of growing boy for personal attention of father). Furthermore, his mother was to keep 
his younger sister occupied pleasantly with her during this time (avoidance of sibling 
rivalry) rather than her being with the father and son continually, as before. The 
father was advised to read in advance of his brilliant son in the fields of archeology and 
music. He was to suggest that it might be interesting to read about Bach, Beethoven 
and other noted musicians and to obtain albums of their music. Since Jack was inter- 
ested in the woods and camping and they had a large back lot, it was suggested that 
they build together a floor for a wall tent, erect the tent, have campfires together in the 
woods and be “man and boy” together. 

The school principal and the teachers were given full information about Jack’s 
condition. 

In one month the barking noises had ceased, in 2 months the tics and grimaces had 
virtually disappeared, and in 3 or 4 months Jack was making all “‘A’s” in school, loved 
to attend school, was making friends more easily, had returned to church and Sunday 
school and, in the words of his mother, had undergone a “strange transformation.” 

The pity of it all is the 8 years of parental joy that were virtually lost, the tre- 
mendous unhappiness of the boy who spent most of his childhood in a disturbed con- 
dition, and the tragic ineptitude of his medical management. By applying merely the 
“blocking and tackling” fundamentals of psychologic evaluation and commonsense 
guidance, his prolonged disturbance was almost completely corrected in a period of 3 
months. 


CASE 11. Jack and Jerry were nonidentical twin sons of a father who had been a 
famous athlete and a mother who believed that children should be completely inde- 
pendent. The father continually sought to teach his sons baseball, football and golf. 
Jack was a natural athlete and delighted in joining his father at sports. Jerry was not 
interested in athletics, but preferred electronics, raising white mice and studying 
science. His father thought he was too studious and resented the fact that he showed 
no athletic inclinations. Jerry became tense, insecure, moody and introspective, and 
made friends poorly. He grew up to dislike his father, in whose eyes he had failed. He 
began leaving the house when he saw his father returning from work. Later, he told 
his mother he hated his father. Meanwhile, Jack thrived as the obvious favorite of his 
father and was everything Jerry was not. The mother had a passion for joining com- 
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munity activities, largely dealing with child welfare, and was so busy doing things for 
other children that she failed to manage her own problem. 

On a camping trip, Jerry, then 13 years old, threw a hunting knife at his father, 
barely missing his throat. He said that his only regret was that he had missed his mark. 

It would be too optimistic to expect rapid improvement in relations between father 
and son in a problem of this degree and duration, but encouraging progress is being 
made. The father has ceased emphasizing sports to Jerry, has shown interest in his 
scientific hobbies, has built up Jerry’s self-confidence by judicious praise of his accom- 
plishments, and has spent more time with him in an easy-going manner. Open pref- 
erence for Jack has been avoided. Activities outside the home have been encouraged. 
The mother has been helped to see the problem clearly. 


This case illustrates especially unacceptance of a child as an indi- 
vidual, resulting in deep-seated hostility to the father, an attitude that 
is undergoing modification, but will probably never vanish entirely. It 
emphasizes the benefit that could have been obtained had the problem 
been approached early, rather than after 13 years of poor management. 
It calls attention to the common problem of the mother who is too 
busy in the community to see what is going on in her home. 


CASE 11. Frank was a husky 10 year old boy whose chief complaint for the preceding 
6 weeks had been undue fatigability in the afternoons after school. He would come 
home apparently exhausted, sink on the couch, and say he was too tired to play in the 
neighborhood. Physical, laboratory and psychologic evaluations were normal except 
for the fact that his father had recently had a severe attack of coronary thrombosis and 
had been cautioned to rest a great deal, something which had overimpressed Frank. 

Part of Frank’s symptoms may have been due to a desire to obtain some of the 
family attention which was being diverted to his father, but it seemed more probable 
in his case that his strong love for his father and his concern about his father’s health 
influenced him to have similar complaints. When this was gently pointed out to him 
and to his mother, he seemed relieved and rapidly “recovered.” 


Children frequently have complaints similar to the symptoms mani- 
fested by parents who are ill. It is not unusual to observe children 
whose parents have peptic ulcer, complaining of abdominal pain, or 
children of parents given to frequent headaches complaining them- 
selves of headache. Although in each instance an organic cause must 
be excluded, psychologic factors are frequently at play. Open recogni- 
tion of this by the parents and child, and supplying proper love and 
affection and attention to the child, generally result in rapid relief of 
symptoms. 


CASE 1v. Tom was the intelligent 8 year old son of a wealthy, domineering, am- 
bitious, perfectionist father who had always excelled in everything he did. His mother 
(his father’s third wife) had been beaten down psychologically to almost complete 
submissiveness by his father, was on the verge of a nervous breakdown, and contem- 
plated seeking a divorce. Chief complaints regarding Tom were that he failed in 
school, took little interest in his lessons, had no ambition, and did not have a competi- 
tive spirit. When he was in the first grade, his father overemphasized studies, tutored 
the child with zealous enthusiasm, and took him to task for the simplest mistakes. 
Tom began to manifest nervousness and dislike for school. Day-dreaming became an 
outstanding characteristic. He visibly “tightened up” when his father tutored him and 
made more mistakes than ever. In the summer his father took his school books to the 
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beach and made him go through his lessons while the others swam. His father often 
showed Tom his college report cards he had saved through the years (obviously reveal- 
ing all “‘A’s’’). 

In despair, Tom’s mother came for advice. In order that her husband would not 
know of the visit, she wanted no record kept and desired to pay in cash rather than 
have a bill sent. She was afraid of the storm that would arise if her husband knew she 
had revealed details of the home-life and 'Tom’s failure. 

Knowing the proud father’s violent temper and that he would probably never agree 
to a full evaluation that might reflect on him, it was decided to conduct the initial 
stages of the investigation without his participation. Physical examination, routine 
blood and urine studies, an audiogram, and determination of visual acuity and read- 
ing ability were all normal. A psychologist determined the intelligence quotient to be 
115, and in his contact with the child detected evidence of hostility toward the father. 

The father was then told that efforts had been made to determine why his son was 
doing poorly in school, and that no organic cause could be found. He was advised that 
the psychologist had established a friendly relationship with Tom during determina- 
tion of the intelligence level, and that it might be profitable to permit Tom to see the 
psychologist at intervals in order to try to determine why the schoolwork was so poor. 
Thus, by avoiding for the moment the center of the storm—the father’s temper—the 
work-up was accomplished and a great deal of new information was obtained by the 
psychologist in play interviews. 

A conference was then arranged with both parents, the psychologist and the pedia- 
trician, at which the main elements of the problem were tactfully brought up, 
emphasizing that the child was bright, but had perhaps become a bit highstrung under 
pressure to follow in his accomplished father’s footsteps. This was well received by the 
father, who, in a cooperative mood, then revealed in detail his attitudes toward the 
child. 

The father has decreased his supervision of his child’s studies, and Tom has been 
doing much better in his work. Evidence of nervous tension has decreased. Relation- 
ships between husband and wife are somewhat better, although far from perfect. The 
home is much happier, and the wife’s desire for a divorce has greatly diminished. 


Among many things, this case illustrates domination of severe de- 
gree by a parent, the tact and diplomacy sometimes required to secure 
a full evaluation, and the important services afforded by the clinical 
psychologist in complicated cases. 


SUMMARY 


An attempt has been made to give an over-all view of a common- 
sense approach to behavior problems in the framework of practice. 

Points discussed were (1) the importance of proper attention to the 
emotional aspects of childhood; (2) reasons why so many physicians 
shun management of behavior problems; (3) reasons why family physi- 
cians and other physicians should solve the simpler problems; (4) how 
such investigations can be fitted into a busy practice; (5) techniques 
and methods used in the psychologic evaluation; (6) brief considera- 
tion of basic emotional needs of children, parental attitudes, and other 
factors that influence the child. 

Hope is expressed that physicians will eventually take as much interest 
in the psychologic aspects of childhood as they now do in organic ill- 
ness; that they will include preventive mental hygiene as part and 
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parcel of routine well-child supervision; and that, rather than avoid 
investigation of behavior problems, they will recognize that herein lies 
a great opportunity to be of service to the child and to his parents. 
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THE ADOLESCENT 


HAROLD C. STUART, M.D. 


This paper considers the adolescent 
primarily from the standpoint of his physical, physiologic and psycho- 
logic characteristics and their changing states. These determine to an 
important extent his health problems, and they usually must be taken 
into account if medical advice is to be accepted and medical care 
appropriate or effective. 

The term “adolescence” is rather loosely ascribed to the entire period 
during which sexual development and sex differentiation are taking 
place and the child is becoming a mature man or woman. From the 
earliest hidden changes in endocrine activities to the last stages of sex 
organ maturation and physical development, adolescence, by this defi- 
nition, covers half or more of the entire period of growth and develop- 
ment. The major changes with which the physician is concerned occur 
within a much shorter period, however, which is referred to as “pubes- 
cence.” This period is characterized by the appearance and full develop- 
ment of pubic hair and the associated maturing of the other secondary 
sex characters. It encompasses the early stages of development of the 
primary sex organs, up to their initial immature functioning, and it 
covers the adolescent cycle of rapid growth. 

Depending upon the exact criterion selected, pubescence in girls 
commences on the average about eleven years, usually between ten and 
twelve years. The comparable ages for boys are about two years later, 
on the average at thirteen years. A year or two earlier or later than 
described as usual, however, is encountered not uncommonly without 
any evidence that this time is other than normal for the person con- 
cerned. The duration of pubescence also varies markedly among indi- 
viduals, but, depending again upon the criterion used, averages about 
three years. Early maturing individuals tend to pass through the suc- 
cessive stages of pubescence more quickly than do late-maturing ones, 
and hence they usually experience a shorter pubescence. 

497 
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The early years of adolescence are usually associated with the lowest 
mortality rates of any period of life and with low morbidity rates for 
most types of illness. During the age period ten to fourteen years, 
inclusive, death rates and probably also illness rates are lower than 
from five to nine years, but they begin to rise again in the fifteen to 
nineteen year period. 

Accidents collectively are the leading cause of death at all ages from 
ten to nineteen years in the United States and account for approxi- 
mately one third of all deaths during these years. They are more than 
twice as frequent during the fifteen to nineteen year period as in the 
ten to fourteen year one, and with boys more than girls. 

The category of cancer and leukemia now leads among the diseases 
which cause death during the adolescent years, with heart disease and 
theumatic fever in second place and pneumonia and influenza in third. 
These three groups of causes account for nearly one third of all deaths, 
as do accidents, so that all other causes account for the final third. 
There is a marked increase in deaths from tuberculosis during the 
fifteen to nineteen year age period in places where this disease is preva- 
lent, and deaths from heart disease and rheumatic fever rise sharply 
as well. Although respiratory infections lead among the illnesses during 
adolescence, their incidence is substantially lower than at earlier ages, 
and deaths due to them have been brought well under control. The 
occurrence of allergic reactions to foreign proteins also diminishes 
sharply during adolescence. 


ENDOCRINE INFLUENCES ON GROWTH AND DEVELOPMENT 


The initial occurrences which appear to account for most of the 
changes in growth and development during adolescence take place 
within the endocrine system under central nervous system stimulation, 
probably from the hypothalamus. These result in changes in the levels 
of circulating hormones, which, in turn, interact among themselves 
and stimulate specific changes in maturing tissues and end organs. 
The principal functions of the glands involved have been described by 
Wilkins* and by Talbot® in respect to both physiologic changes and 
pathologic states. For fuller understanding of the endocrine mecha- 
nisms, the reader is referred to these texts. 

In brief summary, the pituitary gland influences the progress of 
growth and development importantly in several ways. Its growth hor- 
mone acts directly upon the body tissues, but this plays a relatively 
unimportant part in bringing about the specific growth changes of the 
adolescent period. Its thyrotropic hormone acts upon the thyroid to 
stimulate its production of thyroglobulin. This hormone influences 
adolescent development most importantly by hastening skeletal matura- 
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tion and epiphyseal ossification. Its gonadotropins act upon the testes 
and the ovaries, follicle-stimulating hormone acting upon the tubules 
of the testes and the graafian follicles of the ovary and luteinizing hor- 
mone stimulating the testicular interstitial or Leydig cells and the 
ovarian corpus luteum. Its adrenocorticotropic hormone stimulates the 
adrenal cortex to produce cortins and androgens, the latter playing 
the important part in adolescent growth and development. 

Androgens are responsible in both sexes for accelerated growth dur- 
ing adolescence, including muscular development, for pubic and axillary 
hair development and for seborrhea and acne. In boys they stimulate 
the development of the penis, prostate and seminal vesicles as well as 
the male characteristics of hair development. Testicular androgens ac- 
count for about one third of the total androgen activities in boys. 
They account in the main for the greater growth of boys over girls, 
especially in muscle tissue, and they contribute to the closure of the 
epiphyses in the long bones. 

Estrogens derived from the ovaries account in most part for the 
development in girls of the female sex characters, that is, of nipples, 
areolae and breasts; labia, vagina, uterus and fallopian tubes. They 
hasten epiphyseal fusion and therefore aid in bringing about termina- 
tion of growth. Any estrogenic effects recognized in the male are prob- 
ably derived from the adrenal cortex. 


PHYSICAL GROWTH 


The adolescent cycle of growth usually starts abruptly at the begin- 
ning of pubescence with rapid acceleration, continuing up to a peak 
of maximum growth, followed by rapid deceleration during late 
pubescence, and ending with moderate to slow growth during post- 
pubescence. Thus rapidly changing rate of growth is a characteristic 
feature of pubescence. Measurements of growth in height are useful 
because of the evidence they may give as to the onset and duration of 
pubescence and other changes of importance which occur during this 
period. Gain in weight is unreliable for this purpose, because some 
degree of obesity commonly occurs during prepubescence and post- 
pubescence, and an increasing gain of weight during the former period 
is the rule rather than the exception. 

The mechanism which initiates an abrupt change from a diminish- 
ing rate of gain in height to an accelerating one is not fully understood, 
but increased adrenal androgen secretion, resulting from adrenocortico- 
tropic stimulation, appears to account for the change itself in both 
Sexes. 

The timing of the onset of accelerated growth is the principal factor 
accounting for the extreme differences in size and for the unusual 
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patterns of growth manifest by different teen-age children. This timing 
is correlated with body type, tending to be early in large, heavy chil- 
dren and late in small, thin ones. It is also closely correlated with age 
of menarche in girls and other signs of maturation in both sexes and 
with stage of skeletal development. 

Tanner’ constructed graphs based upon studies by Richey and Shuttle- 
worth® showing height and weight curves for three groups of girls who 
had their first menstrual periods at different ages. Figure 33 shows how 
different these groups are in both measurements throughout childhood, 
although they become much alike in height at maturity. Tanner also 
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Fig. 33. Growth in height and weight of early, average and late-maturing girls, based 
upon age at menarche. (From Tanner,’ redrawn from Richey, 1937.) 


constructed a chart, reproduced in Figure 34, which plots gains in 
height by years for these same groups, rather than actual heights. This 
shows both the differences in the velocity of growth of these groups at 
successive ages, and the similarities in the patterns for each in relation 
to age at menarche. 

Shuttleworth constructed similar graphs for both height and weight 
for eight groups of girls similarly selected on the basis of age at men- 
arche and eight groups of boys selected by age of maximum growth. 
These show the same characteristics of the peak of maximum growth 
being later and somewhat less in amount with each succeeding men- 
archal or maximum growth group. The peak of each of these curves for 
boys occurs about two years later than the corresponding one for girls 
and is consistently greater in magnitude. The curves for weight corre- 
sponded to those for height except that weight begins to increase 
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much earlier and to decrease less rapidly. The latter is due chiefly to 
the continuing growth in muscle and in the stockiness of the bones 
during postpubescence, both being much more marked in boys than 
in girls. 

Figures 33 and 34 together make it clear that the differences in size 
and rate of growth between children of the same age are due prin- 
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Fig. 34. Relation of chief velocities in height for early, average and late-maturing 
girls, based upon age at menarche. (From Tanner,? redrawn from Simmons and 
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cipally to the age at which the adolescent spurt commences and to 
a much lesser degree to differences in the course of its progress; also 
that a late-maturing boy or girl may be far smaller than an early one 
for a considerable period and be growing at his minimum rate while 
the other is at his maximum. The significance to the individual of varia- 
tions from the mode in respect to dietary needs, appropriate activities, 
self-esteem and other important aspects of life and health are too 
obvious to elaborate upon. 
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Figure 35 shows the curves for weight and height by age for three 
boys plotted against percentile graphs. The individuality in respect to 
size and rate of growth of these boys, and the great consistency in their 
status and progress, are evident in each graph. All matured within 
about one year of each other in most observable ways. Figure 36 shows 
similar curves for two girls who differed principally in the speed of 
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Fig. 35. Growth curves of one large, one average and one small boy, all showing 
consistent growth and developing at expected ages for boys. Weights, lengths and 
heights are plotted against percentile norms for sex and age. (From Longitudinal 
Studies of Health and Development, Harvard School of Public Health.) 


their maturation. The early maturing girl was always somewhat ahead 
of the late one, as judged from roentgenograms of the hand and wrists, 
but this difference amounted to four years in age at menarche. The 
sudden termination of her growth in her twelfth year, due to this 
advancement, caused her to change from being above average in height 
in pubescence to being short at maturity. 


OSSEOUS DEVELOPMENT 


The development of the skeleton is closely related to that of the 
reproductive system and to its associated sex characters during adoles- 
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cence. Roentgenograms, therefore, may be helpful in determining or 
confirming the general developmental status of any child. Although 
standards for skeletal development are now available for several areas 
of the body, satisfactory information can usually be obtained during 
the adolescent years from a single film of the wrist and hand. Such a 
film is most helpful when a child appears clinically to be markedly 
delayed, particularly before any definite signs of pubescence have 
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Fig. 36. Growth curves of one early and one late-maturing girl showing character- 
istic differences in height, weight, skeletal development and age at menarche. (From 
Longitudinal Studies of Health and Development, Harvard School of Public Health.) 


appeared. Assessment of skeletal age then makes’ it possible to predict 
with considerable accuracy how long it will be before pubescent changes 
appear and hence the degree of delay in this to be expected. Because 
of the close relationship between the signs of breast and hair develop- 
ment and the stage of osseous development, roentgenograms taken 
after these signs have become visible serve chiefly to confirm clinical 
impressions. When the physician orders a roentgenogram of the hand, 
he wishes to obtain from his roentgenologist an estimated skeletal age 
based upon an accepted standard. He should not be content with the 
report that the child’s osseous development is “within normal limits,” 
because normality is only one of the points of importance and interest. 
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DEVELOPMENT OF SECONDARY SEX CHARACTERS AND SEX ORGANS 

The most readily observed and regularly appearing features of progress 
in the development of sex characters are closely synchronized with each 
other and with the more important, but less readily determined, events 
of changing rate of growth, maturing of skeleton, development of the 
muscular system, maturing of primary sex organs, and underlying 
changes in endocrine activities. A glance at the secondary sex char- 
acters often is all that is necessary to call attention to advancement or 
delay in over-all adolescent development. It should be pointed out, 
also, that some of these signs are recognized by adolescents themselves, 
and sometimes by their parents and associates as well. Unless natural 
misconceptions as to the significance of differences observed between 
himself and his associates are explained to his satisfaction, an adolescent 
may brood over them and become profoundly disturbed, and the 
parents may share in this concern. 


Hair 

Pubic and axillary hair development is common to both sexes, being 
stimulated principally by adrenal androgens. Facial and body hair, 
however, differ greatly between the sexes, being stimulated chiefly by 
testicular androgens. Facial and body hair, therefore, provide uscful 
indicators of development only in the male, except that unusual 
amounts may call attention to high masculinity in the female or fem- 
ininity in the male. 

The order of appearance of hair in the several locations is pubic, 
axillary, facial and body. In both sexes pubic hair starts at the base of 
the penis or vulva as fine, unpigmented vellus hair, and gradually be- 
comes straight, short, sparse, pigmented hair, and finally long, dense 
and curled or kinky. As its character changes it extends upwards to the 
crest of the pelvis and laterally to the inguinal creases, producing the 
inverted triangular appearance of maturity in the female, and of late 
pubescence in the male. The first stage of pubic hair usually appears at 
or shortly before acceleration in growth in height, and its last stage is 
attained about the end of deceleration in this growth. These are the 
two most useful criteria of its development to be noted. The inter- 
vening stages are less clear-cut and more variable in their duration, and 
hence somewhat less easily interpreted.* 

Axillary hair first appears some months after pubic hair and develops 
to a variable extent and density in both sexes. It is usually present in 
the midstage of development at the time of menarche in girls. 

Facial and body hair develops late in boys, chiefly after maximum 
growth and during postpubescence. Since the degree to which these 
characters ultimately develop differs greatly among men, it is difficult 
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to interpret scanty appearance of these prior to full maturity. Body hair 
accounts for the completion of the adult diamond-shape appearance 
in the pubic area in males. 

It must be kept in mind that the response of the skin of different 
persons to a given level of hormone may be relatively vigorous or slight, 
depending upon the genetic characteristics of the dermal and hair 
follicle cells. Hirsutism, or excessive hair on the face and in other 
unusual locations in girls, for example, is not usually indicative of 
excess of androgens, but rather of unusual responsiveness of the local 
tissues to normal hormonal activities. This factor of local responsiveness 
applies also to other unusual features of sexual maturation, such as 
hemihypertrophy of the breast. With these limitations the successive 
stages of adolescent hair development are significant indicators of 
general, as well as sex organ, maturation. 


Breasts 

The first sign of pubescent development to be clearly recognized in 
the girl is usually that of elevation of the areola surrounding the papilla; 
however, it may not be observable before the first pubic hair or before 
visible rounding of the hips. This areolar swelling shortly becomes pig- 
mented and produces a small conical protuberance or “bud” on a flat 
chest. The second change is that of infiltration of fat and connective 
tissue under and surrounding the areola, leading to its further elevation 
and to embedding of the nipple. The third change involves develop- 
ment and enlargement of the breast tissue itself. This gradually sur- 
rounds and absorbs the areola, leaving only a flat, pigmented areola 
with a protruding nipple on an elevated breast of variable size. These 
three stages are referred to as “bud,” “primary breast,” or “conical 
breast,” and “secondary breast,” or “mature breast.” Primary breast is 
usually present at the time of menarche. 

The first stage of breast development almost regularly occurs to 
some extent in boys, the areola becoming enlarged, elevated and pig- 
mented. In some instances there is subareolar infiltration of fat and 
connective tissue. There may be hyperplasia of glandular tissue, forming 
one or both rudimentary breasts known as gynecomastia. Recession 
usually occurs within twelve to eighteen months, but during the con- 
tinuance of this readily observable condition it may be disturbing to 
the boy concerned. Surgical removal of a disturbingly large breast when 
it persists unduly may be desirable for cosmetic or psychologic reasons. 


External Genitalia 


Enlargement of the penis and scrotum may be noted about the time 
of first appearance of pubic hair and continues throughout pubescence. 
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rhe testes begin to enlarge six months or a year earlier and continue to 
grow as much longer, that is, well into the postpubescent period. 

Visible enlargement of the labia and hypertrophic and other changes 
in the vagina begin about the time of first appearance of pubic hair 
and are well developed at the time of menarche. Attention to these 
occurrences is not called for except in connection with gynecologic 
examination when there are other evidences of disturbed reproductive 
development. 


Menstruation and Menstrual Disorders 


The first menstrual cycle occurs most commonly among girls in the 
United States between twelve and one-half and thirteen and one-half 
years of age, usually between eleven and fifteen years, and occasionally, 
without any evidence of underlying pathology, one or even two years 
earlier or later. ‘hese variations are associated with general advance- 
ment or delay in adolescent development as manifested in other ways. 
The first cycles of bleeding may occur without ovulation or corpus 
luteum formation; they usually are not regular in interval of recurrence 
or in duration during the first year or two. Conception rarely takes place 
during this interval, since sex organs are far from mature. It must be 
remembered that there are many steps in hormonal and sex organ 
development. Even slight differences in the speed and magnitude of 
these would account for lack of balance and orderly functioning of the 
resulting new physiologic mechanisms during their early stages and for 
marked differences among girls in the character and duration of these 
transitory irregularities. This appears to be one of the many situations 
in which all concerned must be patient with nature and slow to con- 
clude that irregularities are indicative of pathology or call for therapy. 
When dysmenorrhea or menstrual irregularities are extreme, unduly 
prolonged or otherwise seemingly abnormal, a gynecologic examination 
is called for to make sure that there are no pelvic disorders or primary 
sex organ abnormalities. Most commonly irregularities are accounted 
for by hypofunction of the pituitary gland or ovary, possibly secondary 
to faulty dietary habits or habits of activity, to illness or to disturbed 
emotional states. 


COMMON PROBLEMS REQUIRING MEDICAL ATTENTION 


Problems Associated with Early and Late Maturing 


Early rapid growth and early appearance of the signs of pubescence 
are rarely in themselves disturbing to adolescents or their parents, when 
they remain within reasonable limits. They are usually accepted with 
satisfaction as indications of unusual advancement and good health. 
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When a girl begins to grow rapidly or is outstandingly tall at nine or 
ten, the fear that she is going to be excessively tall throughout life is 
understandable, and it becomes important to explain that this repre- 
sents early pubescence and that growth will terminate abruptly at an 
early age and at reasonable stature. When menarche occurs at nine or 
before, or pubic hair still earlier, studies are indicated to rule out, if 
possible, pituitary, adrenal or other endocrine abnormalities.* * Early 
pubescence is much less troublesome to boys because being tall is less 
significant to them, because no specific occurrence like menarche calls 
their attention to it, and because the range of variability and its timing 
does not put it back into the early school years with them as it does 
with girls. 

Late maturing and failure to grow as rapidly as expected commonly 
are disturbing to parents and their young teen-agers, especially to boys. 
Short stature alone may cause concern. Whether short or tall, extreme 
linearity of build, with associated poor muscular development and pos- 
ture and late appearance of sex characters, all of which may represent 
temporary exaggerations of a common type of body build among late- 
maturing boys, frequently brings them to their physicians for study. 
In this situation the physical eccentricities may really be handicapping 
by interfering with participation in sports, by leading to fatigue, and 
otherwise. These disabilities must be dealt with, but usually it may be 
stated with confidence that such boys develop greater muscular strength 
and physical fitness during late postpubescence. 

The presentation of growth and development thus far has focused 
attention upon some of the following points which relate to this sub- 
ject of late maturing: 

1. Children of the same age in adolescence differ enormously among 
themselves on constitutional grounds alone, and marked delay in growth 
or development may be within physiologic limits and consistent with 
good health and physical fitness. 

2. The rate of growth and the speed of maturation can be slowed 
or otherwise modified by disease, deficient diet or other more obscure 
factors, with emotions seeming to play an important part. These inter- 
ferences may be compensated for by late development if the primary 
faults are corrected before potential growth has ended. 

3. Physiologic variations associated with late maturing, as well as 
growth failures due to environmental conditions, may have important 
significance to the adolescent and deserve attention. 

4. The differential diagnosis between physiologic variations and non- 
physiologic states is often difficult to make, but significant secondary 
factors can usually be recognized after a time when growth progress is 
studied. The difficulty in recognizing the part played by faulty nutri- 
tion stems from the fact that slight deficiencies, particularly in protein, 
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may operate over a long period and be impossible to determine from 
history or the finding of specific clinical signs. When in doubt, the 
attempt to increase intake or otherwise to improve diet as a therapeutic 
test is thoroughly justified. 

Primary and secondary hypofunctional states of one or more of the 
endocrine glands may account for somewhat varied, uneven patterns 
of development, but the most common occurrence is temporary bal- 
anced or uniform delay in normal development. The physician’s chief 
responsibilities are to identify, if possible, any secondary factors con- 
tributing to such delay and deal appropriately with them, and then to 
help those concerned to understand and accept physiologic delays. 
The lack of satisfactory specific therapeutic measures to hasten natural 
growth or maturation leaves the management of these states within 
the areas of appropriate adjustments of habits, activities and attitudes 
and the relief of unnecessary anxieties. Hypopituitary activity, for exam- 
ple, may arise from or be accentuated by prolonged faulty nutrition. 
Attention to this as a possible contributing factor is likely to be more 
rewarding and less hazardous than resort to endocrine therapy. Tes- 
tosterone may be used temporarily when the prompt appearance of 
pubic hair would relieve a strained situation, but because the total 
effect of such treatment in point of ultimate development may as well 
be unfavorable as favorable, this procedure should be resorted to under 
extreme circumstances only and used with caution under experienced 
guidance. 


Nutritional Problems 


The development of a large and seemingly excessive appetite during 
pubescence is the rule rather than the exception. Requirements are high 
for all essential foods and for total calories, not only because of rapid, 
general growth and increase of metabolically active muscle tissue, but 
also because great physical activity is characteristic of this period. It is 
not surprising that, either because of poor selection of food or because 
of abnormal inactivity, an excess of calories may be taken with resulting 
accumulation of fat. It is also not surprising that illness, fatigue or an 
emotional problem may interfere with appetite or lead to the taking 
of an incomplete diet. Malnutrition may then develop quickly. 

In a study of the dietary intakes of boys by Burke (unpublished data, 
Harvard School of Public Health) the majority were found to consume 
between 3500 and 4000 calories a day at or about the period of their 
maximum growth. The total protein consumed at this time for the 
majority ranged from 100 to 125 gm. a day. The majority of the girls 
at this period consumed between 2500 and 3000 calories a day and a 
total protein between 75 and 95 gm. These figures are, of course, greatly 
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in excess of those for adults, and reflect the differences between the 
sexes in rate of growth, muscle development and physical activity 
during this period. 


Obesity 


Overweight due to excessive storage of fat, of a degree sufficient to 
constitute a health problem, is common among adolescents in the 
United States today. Because of the greater tendency of girls of all 
ages to accumulate fat than for boys to do so and because of the 
greater sensitivity to appearance on their part, obesity is more com- 
monly presented as a problem by them. 

From the standpoint of the physician, an objective of first importance 
is to differentiate true obesity from heavy weight appropriate to the 
person when taking into account his sex, age and constitutional build. 
Children with soft, rounded feminine contours and what is usually 
described as “endomorphic build” should have thick subcutaneous 
tissue at all ages. They are also prone to obesity during adolescence. 
Children with stocky bones and heavy muscles but moderate fat may 
not conform to weight standards, but are not obese. The physician 
wishes also to distinguish between a temporary and moderate increase 
of fat associated with a short period of exuberant adolescent growth 
from a progressive or continuing one. Dogmatic statements relating to 
the appropriateness of a child’s weight are hazardous when based on 
a single examination and on height, weight, age relationships compared 
with standards. More help can be obtained from heights and weights 
when they are available at earlier ages, and trends can be recognized 
as suggested in Figures 35 and 36. Careful attention to the child’s 
dietary habits and, probably just as important, to his habits of activity 
helps greatly toward an understanding of the true situation. There 
appears to be a particularly close relationship between the adolescent's 
social adjustment or mental health in general and his habits of eating 
and activity. The unhappy, poorly adjusted teen-ager tends to eat 
excessively and eccentrically and to withdraw from normal activities. 
Both actions are particularly prone to lead to obesity at this period. These 
relationships between obesity and mental health have been given wide 
recognition by Bruch.? 

The problem of helping the child who already has become grossly 
obese is a discouraging one. It is difficult and time consuming to iden- 
tify the background causes for the obesity, but the history usually sug- 
gests long-standing habits which require continuing effort and much 
will power to change. Reducing diets are hard for the adolescent to 
follow, are often poorly balanced or even deficient and, therefore, inap- 
propriate for continuing use, and any effect on weight is usually transi- 
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tory because they are quickly abandoned. When excess fat has already 
been stored, the person may remain fat on moderate calories and must 
practice underfeeding to lose weight. ‘The time when calorie control 
is most important is during the period when fat is being accumulated, 
and this time can readily be recognized when the rate of gain in 
weight is excessive. From the medical and public health viewpoints, 
therefore, the problem of obesity during adolescence is best met 
through the preventive approach. Fortunately it usually develops 
gradually and observably over a period of years. ‘The principal under- 
lying dietary recommendations under these circumstances are to provide 
a complete and satisfying diet consisting of ordinary foods, adequate to 
meet all needs, but without excessive calories. In practice, success 
depends upon much more than instructions and diet lists, but notably 
upon good rapport and periodic contacts between physician and 
adolescent. 


Underweight or Growth Failure 


The differential diagnosis between underweight due to faulty diet 
or malnutrition and thinness or simple linear build, or of growth failure 
in contrast to small size, is an important one but often not an easy 
one to make. The person commonly referred to as “ectomorphic” in 
build is characterized by thin skeleton, small muscles, a minimum of 
subcutaneous fat and usually by late maturing. Such a person may be 
small for his age in early adolescence, but may be expected to make 
up for early delay in progress by late and long pubescence. He may be 
a healthy person who eats all that he requires. Other clinical signs of 
growth failure beyond those of height-weight relationships are usually 
required for making either of these diagnoses. 

There is ample evidence that chronic undernutrition, especially in 
respect to protein and calories, can slow growth and delay pubescence. 
These effects probably occur most commonly among persons with 
inherently weak growth potential and of the constitutional build just 
referred to. Hence, in practice, one cannot make in any immediate 
and dogmatic way a sharp distinction between those who are making 
normal growth progress for themselves and those who are manifesting 
growth failure. It helps greatly in making this differentiation to have 
the knowledge obtained from periodic height and weight measurements 
respecting the person’s growth in earlier years and of his present stage 
of development. Growth failure is suggested by changes in trends which 
are out of line with expected progress. True undernutrition or growth 
failure may be precipitated by illness or develop gradually as a result 
of faulty habits of eating or of activity, possibly based upon emotional 
disturbances and frequently associated with signs of chronic fatigue. 
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Early recognition of the factors involved and continuing guidance by the 
physician offer greater returns than recognition and treatment when 
well established. 


SUMMARY 


Adolescence is a major period of development extending over most of 
the second decade of life. It is characterized particularly during a shorter 
midperiod referred to as pubescence by profound changes in physical, 
physiologic and emotional development. The health problems, as well 
as the diseases which characterize this period, are principally dependent 
upon these developmental changes. Important problems are slow 
growth and late maturing, obesity and undernutrition, faulty habits 
of activity, and emotional disturbances. Except for accidents, mortality 
and morbidity rates are low. 

The physician who is to be effective in serving the adolescent must 
be aware of the changes occurring at each stage of his development 
and their relation to health needs and health problems. It is important 
that he understand the adolescent as an individual and deal with him 
accordingly; for this he requires periodic direct personal contacts. ‘This 
permits the recognition of the person’s own pattern of growth and 
development, his constitutional weaknesses and unfavorable trends, 
which, if neglected, will lead to health problems, as well as his assets 
which may be cultivated. It makes possible early attention to health 
problems from a preventive point of view. 
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ANNUAL STATEMENT ON POLIOMYELITIS 


POLIOMYELITIS, 1954 


KENNETH S. LANDAUER, M.D. 


ETHEL M. SPEARS, M.A. 


Poliomyelitis is not a new disease. 
Though there is divided opinion on the exact date when the first 
poliomyelitis epidemic occurred, there seems to be no doubt that the 
disease has existed for many centuries. Today the infection is prev- 
alent throughout the world. 

Children ranging in age from one to sixteen years are most fre- 
quently attacked, although increasing numbers of cases among older 
children and adults are reported generally throughout the world. 
Records indicate that paralytic poliomyelitis is often more severe and 
results in a higher mortality in the older age groups. 


THE! DISEASE 
WHAT IS IT? 


Poliomyelitis is a virus disease. The etiologic agent is the poliomye- 
litis virus, of which there are three immunologically distinct types: 
Type I (Brunhilde), Type II (Lansing), Type III (Leon). 


WHAT ARE THEJSOURCES OF INFECTION? 


Pharyngeal and fecal discharges from known poliomyelitis cases are 
sources of infection. The poliomyelitis virus may also be found in 
pharyngeal and fecal discharges of persons not suffering from a clin- 
ically recognizable attack of the disease. 


HOW LONG IS THE INCUBATION PERIOD? 


The incubation period is usually from seven to fourteen days. 
f 483 
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WHAT ARE THE PERIODS OF COMMUNICABILITY? 


It is believed that the period of greatest communicability is during 
the latter part of the incubation period and in the first week of acute 
illness. 


WHO IS MOST SUSCEPTIBLE TO THE DISEASE? 


Children from one to sixteen years of age are most frequently at- 
tacked, the peak age incidence varying in different parts of the world. 
Statistical studies indicate that age incidence varies also in different 
parts of this country. 


HOW IS IMMUNITY TO INFECTION ACQUIRED? 


Susceptibility to infection is general. Immunity is acquired by infec- 
tion which may have been clinically inapparent. The duration of im- 
munity is unknown, but second attacks involving the same type of 
virus have not been recorded. 


WHAT IS THE MODE OF TRANSMISSION? 


Close association with infected persons, with or without apparent 
illness, is responsible for the majority of cases. Infections attributable 
to milk have been rare. There has been no reliable evidence of spread 
by insects, water, food or sewage. 


HOW PREVALENT IS THE DISEASE? 


The infection is found throughout the world. Paralytic cases have 
been apparently more frequent in temperate zones. Poliomyelitis 
occurs both sporadically and in epidemics at irregular intervals, with 
the highest incidence in the summer and early fall. 


DIAGNOSIS 
WHAT ARE THE SYMPTOMS OF ABORTIVE POLIOMYELITIS? 


Abortive poliomyelitis is a brief febrile illness usually associated 
with one or more of the following symptoms: 


Malaise Vomiting 
Anorexia Headache 
Sore throat Constipation 


Nausea Abdominal pain 
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HOW DO SYMPTOMS OF NONPARALYTIC POLIOMYELITIS DIFFER FROM 
THOSE OF THE ABORTIVE TYPE? 


Persons with nonparalytic poliomyelitis have nuchal-spinal rigidity 
and an elevated cerebrospinal fluid cell count in addition to symptoms 
of the abortive type. 


WHAT SYMPTOMS ARE INDICATIVE OF PARALYTIC_POLIOMYELITIS? 


In paralytic poliomyelitis, patients have symptoms of the nonpar- 
alytic type with evident weakness of one or more muscle groups. ‘The 
pattern of weakness is characteristically asymmetrical. 


WHAT ARE THE CLASSIFICATIONS OF PARALYTIC POLIOMYELITIS? 


The classification of paralytic poliomyelitis depends upon the parts 
of the central nervous system most severely affected. Classifications are 
generally made as follows: 


Spinal Poliomyelitis 


There is manifest limitation of active movement of muscles of the 
neck, abdomen, back, thorax or segments of the extremities. Localiza- 
tion is characteristically haphazard. Urinary retention may occur. 

With involvement of the intercostals and diaphragm, often asso- 
ciated with bilateral weakness of the shoulder girdles, respiration 
is rapid and limited, but regular. Speech is reluctant, though dis- 
tinct. 

Respiratory failure of this type results from the inability to effect 
an adequate air exchange because of inadequate function of the 
peripheral musculature. 


Bulbar Poliomyelitis 


There is cranial nerve involvement with or without dysfunction of 
the vital centers of respiration and circulation. Vital center involve- 
ment results in one or both of the following: (a) irregularity in rate 
and depth of breathing, (b) vascular instability, including hyperten- 
sion and shock. 

A common form of bulbar involvement produces respiratory difh- 
culty because of obstruction to the airway from dysphagia. Respira- 
tory death in the bulbar form may result from central failure or 
asphyxia, or a combination of the two. 
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Bulbospinal Poliomyelitis 


The components of each must be carefully evaluated in each pa- 
tient. While fever persists the patient must be watched closely for 
progression of involvement. Dysphagia or respiratory paralysis may 
predominate, and the type of treatment should be determined ac- 
cordingly. 


WHAT PARTICULAR OBSERVATIONS SHOULD BE MADE IN EXAMINING 
SUSPECTED POLIOMYELITIS CASES? 
The following observations and checks should be made in examin- 
ing all suspect cases: 


General Appearance 


Observe the patient supine. Watch for a tendency to lie with his 
back arched, the hips abducted, externally rotated and flexed, the 
knees flexed and the feet in equinus. 


Respiration 


1. Check the rate, rhythm and depth of breathing. 

2. Observe the use of the accessory muscles as an indication of 
respiratory distress. 

3. Watch for the shadow of the diaphragm peeling off the chest 
wall on inspiration. A shadow indicating diaphragmatic descent is 
most prominent when the intercostals are involved. 

4. Watch for diaphragmatic breathing. When the intercostals and 
abdominals are weak, the abdomen is protuberant. There is little 
widening of the intercostal spaces. Note the depression of the rib 
cage at the insertion of the diaphragm. 

5. Watch for thoracic breathing with widening of the intercostal 
spaces and flaring of the costal margin because of diaphragmatic 
weakness. 

6. Watch for asymmetry of movement in thoracic breathing. 

7. Ask the patient to count to twenty rapidly, noting the number 
of pauses to catch his breath, and whether the voice has a nasal 
quality or hoarseness. 

8. Ask the patient to cough. 


Cranial Nerves 

Depending on the patient’s general condition, check all nerves, but 
pay particular attention to the ninth and tenth cranial nerves, which 
control swallowing, deviation of the uvula and the palate. 
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Limitation of Active Movement of Muscles Resulting from Tenderness or 
Weakness 


WHAT PARTICULAR POINTS SHOULD BE NOTED IN THE PATIENT'S CASE 
HISTORY? 


In taking the poliomyelitis patient’s history it is important to 
obtain the following data: 


Exposure 


Has the patient or his family been exposed to poliomyelitis, mumps, 
encephalitis or any form of meningitis within the last month? 


Traumatizing Factors 

Is there a history of any of the following within thirty days prior 
to the onset of the illness: 

Tonsillectomy or adenoidectomy? 

Immunization or hypodermic injections? 

Recent injuries such as sprains, fractures or contusions? 

Is the patient pregnant? 

Has the patient experienced unusual fatigue or exertion shortly 
before the onset of the illness, particularly when accompanied by 
fever, malaise, aches or muscular cramps? 


Pay Particular Attention to Complaints of : 


Headache 

Regurgitation of fluids through the nose without vomiting 

Change in the sound of the voice to a nasal quality 

Severe pain in the interscapular region which may occur with inter- 
costal involvement 

Rapid or irregular breathing, use of the alae nasi and accessory 
muscles, and reluctance to talk 

Occurrence of any abnormality of muscular activity. 


WHAT CEREBROSPINAL FLUID FINDINGS ARE INDICATIVE OF POLIO- 
MYELITIS? 


TABLE 16. Evaluation of Results 


RESULT DIAGNOSTIC SIGNIFICANCE FOR POLIOMYELITIS 





Cells Sugar Protein 





0-10 Normal Normal Does not rule out poliomyelitis, but should 
lead the clinician to suspect that other 


conditions are responsible for the findings 


11-1500 Normal Normal or in- Compatible with poliomyelitis 
creased 








0-10 Normal Increased May occur during convalescence, but con- 
50-400 mg. sider the Guillain-Barré syndrome 














488 POLIOMYELITIS, 1954 


CONTROL 
WHAT IS THE PROCEDURE FOR REPORTING POLIOMYELITIS CASES? 


Physicians and hospitals should report all cases promptly to the 
county or city health officer. In areas where there are no county or 
city health officers, reports should be made directly to the local or 
state health officer. 

If accurate classification cannot be made immediately, the cases 
should be reported as provisionally paralytic or nonparalytic. 


HOW LONG SHOULD POLIOMYELITIS PATIENTS BE ISOLATED? 


All poliomyelitis patients should be isolated at home or in the 
hospital following the onset of symptoms for a period of seven days or 
the period of fever, whichever is longer. 


IS QUARANTINE NECESSARY IN POLIOMYELITIS? 


The value of quarantine during epidemics has not been proved. 
There are too many unrecognized infectious persons in the community 
to make quarantine readily applicable. 


MANAGEMENT 
WHEN IS HOME CARE OF POLIOMYELITIS PATIENTS FEASIBLE? 


Physicians who have handled patients for many years indicate that 
not all patients require hospitalization, particularly in the abortive 
and nonparalytic cases. They recommend that under favorable cir- 
cumstances even the milder paralytic cases can be cared for at home. 


WHEN IS HOSPITALIZATION INDICATED? 


Factors considered in deciding on hospitalization include (a) sever- 
ity and type of the illness, (b) ease of observation during acute febrile 
stages, and ease of access to good hospital facilities if required, (c) 
social and economic background of the family, (d) availability of 
adequate home care facilities. 


WHAT ISOLATION PRECAUTIONS ARE REQUIRED FOR THE SAFE AND 
ADEQUATE CARE OF ACUTE POLIOMYELITIS PATIENTS? 


The following precautions are considered important in the care of 
poliomyelitis patients: 
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Isolation Unit 

Hospital. Specialists indicate that whenever possible poliomyelitis 
patients should be grouped together for care. They recommend that 
all isolation units be located in hospital areas equipped with running 
water. A sink in the ward itself is preferred. If that is not possible, 
there should be one readily accessible in an adjoining bathroom, 
utility room or hall. 

Home. A separate room with readily accessible running water and 
bathroom facilities is essential in order to provide adequate home 
care of the poliomyelitis patient. 


Essential Equipment 


Hospital. Poliomyelitis patients should have individual bedpans, 
thermometers and wash basins. Poliomyelitis isolation units also re- 
quire certain special equipment such as fracture boards, foot boards, 
hot pack machines. Wool for making hot packs may be needed to 
meet individual patient requirements. A regular hospital bed or crib 
can be used. A hard, firm mattress is essential; it permits good body 
alignment and helps prevent the development of deformities. 

Home. Individual thermometers, bedpans and wash basins are es- 
sential. Pails and wringers and old blankets may be needed for hot 
packs. ‘Trays, boxes or cartons can substitute as foot boards. A bed 
with a hard, firm mattress is required. A bed board may also be needed 
to assure good body alignment. 


Patient Care Techniques 


Gowning. All hospital personnel or visitors who enter the isolation 
area should wear gowns. This also applies to persons entering the 
patient’s room in the home. The discard gown technique is preferred, 
in which a clean gown is used by each person entering the isolation 
area. This method prevents danger of contamination from previous 
use. Most authorities believe that masks are not essential in polio- 
myelitis patient care. If used improperly, they can be a hazard. Ordi- 
nary precautions, however, should never be relaxed while caring for 
acute poliomyelitis patients. 

Care of Bedpans and Stools. Each patient should have his own 
bedpan. This practice reduces the chance of cross infection. Stools are 
flushed in the toilet, and the bedpan is cleaned after use with a 
spray attachment, covered, and placed inside the patient’s own bed- 
side table. 

If bedpans are kept in a utility room, sterilization after each use 











49° POLIOM YELITIS, 1954 


is considered essential even if the bedpans are marked for individual 
patient use. 

Terminal sterilization of bedpans by boiling or autoclaving is essen- 
tial upon discharge of the patient. 

No special treatment of stools is necessary other than prompt dis- 
posal in the toilet or hopper. 

Handwashing Techniques. Persons caring for poliomyelitis patients 
should wash their hands thoroughly and frequently, preferably in run- 
ning water. Handwashing is essential before going from one patient to 
another. Scrubbing the hands with a brush is not recommended, since 
the bristles may irritate the skin. Detergents are considered more 
effective than neutral soaps. Paper towels are recommended because 
they may be disposed of more easily and are safer and more economical 
than cloth towels. 

Care of Dishes and Garbage. In hospitals a portion of the polio- 
myelitis unit kitchen or of the regular ward kitchen should be set 
aside for contaminated dishes. Care of dishes in the home will have 
to be planned in line with safety precautions and the facilities in 
the home. Both in the hospital and home, china, glassware and silver 
should be washed carefully and sterilized for twenty minutes. If 
available, a combination dishwasher-sterilizer makes the job easier and 
simpler. Paper-lined covered containers marked “contaminated” are 
recommended for garbage disposal. 

Paper cups and plates are considered practical, since they can be 
disposed of in the “contaminated” garbage can and eventually burned. 

Care of Linen. nosprrat. Linen should be placed in a laundry 
hamper, marked as isolation linen and kept in the patient's ward. 

Diapers (placed in waxed paper) should be kept separate from other 
linen and kept in a covered container. They should be washed in 
the laundry without sorting or handling in any way. 

HOME. Families of poliomyelitis patients require instruction on the 
care of linen in line with the principles of safe handling and home 
facilities. 

WHAT PRECAUTIONS SHOULD BE TAKEN IN POSITIONING THE POLIO- 
MYELITIS PATIENT? 


Good body alignment is important in preventing the development 
of deformities. In the acute stages of illness, however, comfort and 
relief from pain must take priority, and modifications of the supine 
and prone positions must be made. 


WHEN IS THE USE OF MOIST HEAT INDICATED? 


Moist heat, such as hot packs, is used to relieve muscle pain and 
spasm. Research has shown that after twenty minutes of heat the 
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muscle temperature becomes elevated and stays at approximately the 
same level for an hour after the packs have been removed. For 
maximum benefit, packing periods are usually at least four hours 
apart. They are generally given three times a day and at night as 
needed for discomfort. 


WHAT IS THE PRIMARY TREATMENT OBJECTIVE IN THE CARE OF PATIENTS 
WITH BULBAR POLIOMYELITIS COMBINED WITH DIFFICULTY IN 
SWALLOWING? 


The primary treatment objective is to maintain a clear airway. 


HOW CAN A CLEAR AIRWAY BE MAINTAINED? 
The following treatments may be needed to maintain a clear airway: 


Postural drainage 
Suctioning 
Tracheotomy 


WHAT ARE THE CAUSES OF RESPIRATORY DIFFICULTY? 


The following conditions cause respiratory difficulty: 

1. Slight, partial or complete paralysis of the primary muscles of 
respiration 

. An obstructed airway 

. Involvement of the medulla with injury to the respiratory centers 
which control respiration 

4. Pulmonary edema 


5 
a 
> 


WHAT ARE THE CLINICAL SIGNS EVIDENCED IN THE FOLLOWING 
CONDITIONS? 


Paralysis of Muscles of Respiration 


. Rapid, shallow breathing 

. Use of accessory muscles, flaring of the alae nasi 

. Diaphragmatic or thoracic breathing 

. Asymmetry of movement of the thorax 

. Inability to repeat more than three or four consecutive numbers 
without pausing for breath 

6. Anxiety, restlessness, fretfulness, emotional lability, wakeful- 
ness in varying degrees, depending on the severity of the illness 

. Flushing, pallor, pulse and blood pressure changes 

8. Cyanosis 


Vth wne 
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Obstructed Airway 
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In Cases of Paralysis or Weakness of the Muscles of Deglutition 
Which Interferes with Swallowing. (1) An unusual amount of spit- 
ting, drooling 

2. Continued noisy clearing of the throat ‘ 

3. Gurgling, bubbling sounds during respiration 

4. Pooling of secretions in the throat seen on examination 

5. Evidences of palatal paralysis; nasal voice; regurgitation of fluid 

through the nose; failure of the palate to move when the patient 
says “Ah” 

6. Flushing, pallor, pulse and blood pressure changes 
7. Cyanosis 

In Cases in Which There Is Aspiration of Secretions from the Throat 
into the Trachea and Bronchi. (1) Physical signs and symptoms of 
atelectasis; shift of the mediastinum; changes in percussion and in 
the respiratory sounds 

2. Choking, explosive coughing, stridor 

When There Is Paralysis of the Abductors of the Larynx. (1) 
Aphonia, stridor, dyspnea, retraction of the sternum and _ intercostal 

spaces 

2. Signs of severe, rapidly developing hypoxia and carbon dioxide 

accumulation 


When There Is Injury to the Respiratory Centers in the Brain 


1. Jerky, incoordinated respiratory movements 

2. Variations in the rate, rhythm and depth of breathing 

3. Periods of apnea 

4. Evidences of hypoxia and carbon dioxide accumulation such as 
anxiety, sleeplessness, flushing, pallor, cyanosis, disorientation, coma, 
convulsions 


In Pulmonary Edema 


The usual clinical and physical signs of pulmonary edema are pres- 
ent, including dyspnea, rales, dullness on percussion, evidences of 
hypoxia. 


WHAT TREATMENT MAY BE INDICATED IN THE FOLLOWING CONDITIONS? 


Paralysis of the Primary Muscles of Respiration 


Objective. The objective is to restore or maintain adequate ventila- 
tion. 
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PATIENTS WITH SMALL LOSS OF FUNCTION. The respiratory muscle 
reserve will be adequate to meet respiratory needs as indicated by 
the ability to obtain rest and sleep. 

PATIENTS WITH RESPIRATORY MUSCLE IMPAIRMENT SEVERE ENOUGH 
TO REQUIRE CONSCIOUS EFFORT TO SUPPLEMENT MUSCLE ACTION. (1) 
Adequate ventilation may be maintained by the use of the accessory 
muscles. 

2. Administration of oxygen may enable the patient to meet his 
oxygen needs. 

Caution: Oxygen therapy will not prevent carbon dioxide accumu- 
lation. Adequate ventilation is the only corrective for carbon dioxide 
accumulation. 

PATIENTS WITH SEVERE INVOLVEMENT OF THE PRIMARY MUSCLES OF 
RESPIRATION. Immediate mechanical aid is essential. 


Obstructed Airway 

Objective. The objective is to maintain a free airway. 

IN CASES OF PARALYSIS OR WEAKNESS OF THE MUSCLES OF DE- 
GLUTITION WHICH INTERFERES WITH SWALLOWING. (1) Postural drain- 


age. 
2. Prone position 
se sali 
3. Continuous mechanical aspiration 
4. Intermittent mechanical aspiration 
5. Tracheotomy 


(a) If other methods fail to keep the airway clear 
(b) If the constant attempt to remove secretion prevents rest 
and sleep 
(c) If mechanical aid is required because of concomitant repira- 
tory paralysis 
IN CASES IN WHICH THERE IS ASPIRATION OF SECRETION FROM THE 
THROAT INTO THE TRACHEA AND BRONCHI. Secretions may be removed 
by postural drainage, laryngoscopy or bronchoscopy. 
IN PARALYSIS OF THE ABDUCTORS OF THE LARYNX. Immediate intuba- 
tion or tracheotomy is indicated. 


Involvement of the Respiratory Centers in the Brain 


Objective. The objective is to restore adequate ventilation. 


Pulmonary Edema 


Objective. The objective is to increase oxygen absorption from the 
alveoli into the blood. 
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1. Use oxygen therapy to raise the partial pressure of oxygen in the 
alveoli. 

2. Adjust the respirator to give adequate ventilation by (a) increas- 
ing the negative intratank pressure if the patient is in the respirator; 
(b) oxygen under positive pressure by mask to the nose and mouth or 
through a tracheotomy tube if the case is complicated by obstruction 
of the airway. 

3. Treat cardiac decompensation, if present, by digitalis and other 
means. 


WHEN ARE MECHANICAL AIDS INDICATED? 


Use of mechanical aids is indicated under the following conditions: 


Paralysis of Muscles of Respiration 


Small Loss of Function. No mechanical aid is indicated. 

Respiratory Muscle Impairment Severe Enough to Require Con- 
scious Effort to Supplement Muscle Action. Mechanical aid is indi- 
cated if the effort to maintain adequate ventilation interferes with 
rest or sleep. A tank respirator is recommended. A cuirass respirator 
or a rocking bed may be used in some cases. 

Severe Involvement of the Primary Muscles of Respiration. A tank 
respirator is essential. 


Obstructed Airway 


When Paralysis or Weakness of Muscles Interferes with Swallow- 
ing. No mechanical aid is indicated unless there is respiratory muscle 
weakness or respiratory center disease. When mechanical aid is used 
(tank respirator preferred), tracheotomy is essential to ensure an 
unobstructed airway. 

When There Is Aspiration of Secretion from the Throat into the 
Trachea or Bronchi. No mechanical aid is indicated, except as noted 
in the foregoing. 

In Paralysis of the Abductors of the Larynx. No mechanical aid is 
indicated, except as noted in the foregoing. 


Involvement of the Respiratory Centers in the Brain 


Mechanical aid is indicated: a tank respirator, provided the patient 
can synchronize his breathing with the machine, or an electrophrenic 
respirator if the patient cannot synchronize his breathing with the 
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machine. The electrophrenic respirator inhibits spontaneous respira- 
tion and establishes a regular breathing pattern. 


Pulmonary Edema 

No mechanical aid is indicated unless there is respiratory muscle 
weakness or respiratory center disease. Then a tank respirator is re- 
quired. 


WHAT CONDITIONS INFLUENCE EFFECTIVE RESPIRATOR ACTION? 


Conditions influencing effective respirator action are as follows: 


Mechanical Failure of the Respirator 


Failures are infrequent and can usually be avoided by careful and 
frequent inspection of the machine. Prior to operation it is essential 
to (a) check the bellows and the rate and pressure gauges by closing 
the opening of the collar with a towel and turning the machine on. 
(b) Check for leaks. Be sure that the ports will close tightly, that the 
rubber collar and port cuffs are in good condition, that the head rest can 
be adjusted easily, and that the tilting mechanism works. 


Obstructed Airway 


This may result from accumulation of secretions in the patient’s throat 
or aspiration of secretions into the trachea or from pulmonary edema. 


Inadequate Instruction to the Patient 


The patient, must be shown how to synchronize his breathing with 
the machine, or effective action is lost. 


WHAT ARE THE MECHANICS OF A TANK RESPIRATOR? 


A respirator is a machine which allows the patient with paralyzed 
respiratory muscles to get adequate ventilation. When the bellows of 
the tank descend, the pressure within the tank is below the at- 
mospheric pressure at the patient’s nose and mouth, causing air to 
flow into the lungs and forcing them to expand. When the bellows 
fold up, the pressure in the tank is the same as the atmospheric 
pressure, and the elastic recoil of the chest causes air to be expired. 
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WHAT RESPIRATOR RATES AND PRESSURE ARE RECOMMENDED FOR 
ADULTS? CHILDREN? 


There are differences of opinion among competent observers con- 
cerning recommendations on the initial rate and pressure which should 
be used. Younger children are generally given a more rapid rate and 
less pressure than older children and adults. For small children an 
intratank pressure beginning at 0 and reaching minus 12 cm. of water 
is suggested for the beginning; 0 to minus 15 for older children, and 
0 to minus 18 for adults may be tried. 

The following is a suggested range for settings for the tank res- 
pirator: 


AGE RATE PRESSURE 
SS EE Le ee act ae —12 
NG Sikh 'G in ainda tik nae nae Rae 24 —15 
8 RR ree ete an ae eee 24 —15 

EEE a Sha asked sd wc ae 20 —15 

I, i So Ue rete naan Ole es 4a 18 —15 to —18 


This range of settings is offered merely as a starting point. Further 
adjustment should be made on the basis of individual patient require- 
ments. 


WHAT DANGER SIGNALS ARE APT TO OCCUR SUDDENLY IN RESPIRATOR 
PATIENTS? 


Respirator patients need to be observed carefully, since their con- 
dition may change rapidly. Watch for the following danger signals in 
patients before and while they are in respirators: 


Bulbar 


The following changes may occur rapidly: (a) difficulty in talking, 
(b) difficulty in swallowing, (c) irregular breathing pattern, (d) in- 
creased mucus secretions, (e) restlessness, (f) dyspnea, (g) paralysis of 
the facial muscles with twitching, (h) elevation of temperature, (i) 
increased pulse and blood pressure, (j) hallucinations, (k) pallor, flush- 
ing and cyanosis, (1) coma, (m) convulsions. 


Respiratory Muscle Paralysis 


The following changes are slower: (a) apprehension, (b) unwilling- 
ness to talk, (c) dyspnea, (d) increasing weakness in the shoulder 
gitdles, (e) elevation of temperature, (f) drop in the blood pressure 
and pulse, (g) pallor, flushing and cyanosis, (h) coma, (i) convulsions. 
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WHY SHOULD THE PATIENT BE WEANED FROM THE TANK RESPIRATOR AS 
EARLY AS POSSIBLE? 


Patients with loss of respiratory muscle power often suffer from 
anxiety and become dependent upon the respirator. This dependence 
often prevents them from exerting the voluntary effort necessary to 
improve their remaining respiratory muscle power. 

Physiologic reasons for early weaning are equally important. Muscle 
units which still have intact neuronal mechanism can be made to 
perform their maximum work capacity by the early institution of 
graded activity. Patients with diminished respiratory muscle power 
suffer from loss of elasticity of the lung and chest structures. The 
horizontal position of the patient in a respirator does not permit full 
range of respiratory movement and is unfavorable for the most efh- 
cient use of accessory muscles of respiration upon which the patient 
often must depend. Patients confined to the tank for long periods 
often show rigidity of the thoracic cage and vertebral column. 


WHEN SHOULD THE WEANING PROCESS BEGIN? 


The weaning process may be started when the temperature has 
been normal for forty-eight hours and observation and examination of 
the patient on the carriage with the tank open indicate that he can get 
along without the respirator for a few minutes. 


WHAT STEPS ARE USED IN WEANING PATIENTS FROM RESPIRATORS? 


Two devices are useful in helping to free patients from dependence 
on the tank respirator: namely, the cuirass respirator and the rocking 
bed. The first step in weaning is to open the respirator, leaving the 
patient on the tank carriage several times a day. If necessary, this can 
be done with the aid of oxygen and a cuirass respirator. Start with a 
few seconds at a time, and gradually increase the time until the 
patient can be out of the respirator for five minutes. 

After the acute stage and while on the carriage the patient should be 
given gentle, passive exercises to mobilize the chest, spine and other 
joints. As soon as the patient can breathe without the aid of the tank 
for five minutes, he is ready for transfer to the cuirass respirator or 
the rocking bed for an initial period of ten minutes several times a day. 

If the patient needs the cuirass respirator while he is on the car- 
riage, it may be necessary to keep it in place during transfer to the 
rocking bed. The cuirass is left on until the desired excursion of 
the bed is reached. It is reapplied before the patient is returned to the 
tank respirator. 
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WHAT IS A CUIRASS RESPIRATOR? 


The cuirass is a shell which fits over the thorax and abdomen. By 
means of a seal a close fit is made at the line of contact with the 
body. The shell is attached by a hose to a pump which changes the air 
pressure within the shell, alternately sucking and releasing air. When 
pressure in the respirator is reduced below that of the atmosphere, 
atmospheric pressure at the mouth and nose causes a movement of 
air into the lungs. 


WHAT IS THE PRINCIPLE OF THE ROCKING BED? 


The rocking bed is a mechanization of the Eve tilting board method 
of producing artificial respiration. As the head of the bed rises, the 
abdominal organs shift the diaphragm downward, helping inspiration. 
As the head of the bed falls, the visceral shift carries the diaphragm 
upward, helping expiration. 


WHAT PRECAUTIONS SHOULD BE TAKEN IN TRANSFERRING PATIENTS 
FROM THE TANK RESPIRATOR TO OTHER MECHANICAL AIDS? 
Transition should be done slowly, regardless of how short a time 
the patient has been in a tank respirator. 


WHAT PRECAUTIONS SHOULD BE TAKEN DURING THE WEANING PROCESS? 


Watch for symptoms of marked anxiety, restlessness, flushing, 
beaded perspiration on the forehead, pallor and cyanosis, tachycardia, 
and inability to synchronize with the respirator. If they appear, the 
patient should be returned to the tank immediately. 


HOW EARLY SHOULD THE PHYSICAL THERAPIST START TREATMENT? 


The physical therapist may aid in the evaluation of the patient and 
cooperate with the nurse in determining position and range of motion 
within safe limits. Exercise of the extremities may be started while 
the patient still needs support of mechanical aid to respiration. 


HOW LONG SHOULD PHYSICAL THERAPY BE CONTINUED? 


A reasonable goal should be established in relation to age and 
involvement and should progress from specific muscle exercise through 
a functional training program. 
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WHAT PRINCIPLES SHOULD BE OBSERVED IN PRESCRIBING OCCUPATIONAL 
THERAPY FOR THE POLIOMYELITIS PATIENT? 


The occupational therapist is of importance in arranging diversional 
and recreational activities and in solving problems in planning as- 
sistive devices for feeding, reading, and so forth. 


WHAT IS THE AVERAGE HOSPITALIZATION PERIOD FOR THE POLIO- 
MYELITIS PATIENT? 


The average length of stay for 36,098 patients discharged during 
the period of July, 1952, through June, 1953, was 36.2 days. 


WHAT ARE ESSENTIAL CRITERIA FOR POLIOMYELITIS PATIENT DISCHARGE? 


From the beginning of illness, plans should be made for the eventual 
discharge of the patient. Such plans should include assurance that 
(1) a physician is readily available for home care supervision; (2) 
home conditions are favorable for adequate care of the patient; (3) 
community facilities are available to provide essential treatment 
Services. 


WHAT ESSENTIAL PATIENT CARE SERVICES SHOULD BE PLANNED PRIOR TO 
DISCHARGE FOR HOME CARE? 


1. The patient should be prepared for return and adjustment to 
his home environment. 

2. The role of the family in the home care program should be 
clearly defined and understood by all family members. 

3. Home care facilities should be ready and adequate for the pa- 
tient’s needs. 

4. Braces and other essential appliances should be ordered and 
properly fitted in advance of the patient’s discharge. 

5. Nursing, physical therapy and other essential services should be 
planned prior to discharge to prevent any lag in the treatment pro- 
gram. 


AFTER-CARE 
HOW OFTEN SHOULD POLIOMYELITIS PATIENTS HAVE FOLLOW-UP SERVICES 
AFTER HOSPITAL DISCHARGE? 


The patient should be seen at frequent intervals during the months 
immediately following discharge. He should continue under medical 
supervision at regular intervals until maximum recovery has been at- 
tained. 
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HOW OFTEN SHOULD BRACES BE ADJUSTED? 


Children grow rapidly, and therefore their braces should be adjusted 
at regular and frequent intervals, possibly every six months. Adults 
should also have their braces checked regularly, at least every year. 


WHAT IS THE MAIN OBJECTIVE OF AN AFTER-CARE PROGRAM? 


An after-care program should be planned to help the patient realize 
his capacities and goals, physically, mentally, socially and economically. 


PREVENTION 
CAN POLIOMYELITIS BE PREVENTED? 


No. 


HOW FAR HAS VACCINE RESEARCH PROGRESSED? 


There is no vaccine available for mass immunization. Early in 1954, 
field trials will have been conducted to determine the effectiveness of 
a trial vaccine to protect children against paralytic poliomyelitis. 


WHAT VACCINE WILL BE INVESTIGATED? 


The vaccine to be studied was developed by Dr. Jonas E. Salk, 
Research Professor of Bacteriology at the University of Pittsburgh. It 
is an aqueous vaccine composed of the three known poliomyelitis 
virus types grown in test tube cultures of monkey kidney tissues and 
killed by exposure to formalin. 


HOW IS THE VACCINE TESTED FOR SAFETY? 


Before use this vaccine must pass three independent series of safety 
tests. They will be performed by the pharmaceutical companies prepar- 
ing it, Dr. Salk, and by the Laboratory of Biologics Control of the Na- 
tional Institutes of Health. 


WHAT IS THE VACCINE DOSAGE? 


Three injections of 1 cc. each will be given. The first two doses will 
be administered at one week intervals, and the third dose four weeks 
later. 
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WHO ARE BEING VACCINATED? 


The vaccine will have been given to school children of a specific 
age group in the test areas during the nonepidemic period before 


June 1, 1954. 


HOW MANY CHILDREN ARE BEING VACCINATED? 


It is expected that from 500,000 to 1,000,000 children will have 
been vaccinated. 


WHO IS CONDUCTING THE VACCINE TRIALS? 


The vaccine validity study is a project of the National Foundation 
for Infantile Paralysis. It is being conducted in close cooperation with 
state and county public health officers, various medical societies and 
school authorities. The Association of State and Territorial Health 
Officers appointed a committee to advise with the National Founda- 
tion in planning the study. 


WHERE ARE THE TESTS BEING CONDUCTED? 


The tests are being conducted in counties selected on the basis of 
available data regarding poliomyelitis incidence patterns throughout 
the country. 


WILL GAMMA GLOBULIN BE USED NEXT YEAR? 


Yes. The amount which will be available and the pattern of dis- 
tribution are not yet known. 
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hyperplasia, in newborn, May, 331 
hypofunction, persistent, in newborn, 
fay, 331 
transient, in newborn, May, 329 
hypoplasia, in newborn, May, 33 
physiology, neonatal, May, 321-334 
clinical correlations, May, 329 
Affection, emotional need of children for, 
May, 457 
Agammaglobulinemia, treatment with im- 
mune substances, May, 418 
Airway. See Respiratory system. 


numbers of clinic titles are given in 
Anemia(s), aplastic, May, 372 
as cause of retarded growth, May, 443 


Cooley’s. See Thalassemia. 
due to deficiency in antipernicious ane- 
mia factors. See Anemia, megaloblas- 


tic. 
due to excessive destruction of erythro- 
cytes, May, 381 


due to excessive loss of erythrocytes, 
May, 380 

due to inadequate erythrocyte or hemo- 
globin production, May, 370 

hemolytic, due to congenital abnormal- 
ities in production of hemoglobin or 
erythrocytes, May, 383 

hypochromic, in differential diagnosis 
of rheumatic fever, Feb., 26( 


hypoplastic, congenital, May, 372 

Mediterranean. See Thalassemia. 

megaloblastic, May, 378 

of infancy, May, 379 

of infancy and childhood, May, 367- 
classification, May, 370 

of iron deficiency, May, 373 
and diarrhea in infant, May, 345 
diagnosis, May, 375 
symptoms, May, 375 
treatment, May, 376 

pernicious, May, 377 

Anesthesia 
for cardiac surgery, Feb., 147-157 


for surgical treatment of patent ductus 


arteriosus, Feb., 165 
Aneurysm 
of aortic sinus, pathology, Feb., 19 
pulmonary, arteriovenous, diagnosis, 
Feb., 
hasjemplingaabe, Feb., 73-92 
Angiogram, venous, technique, Feb., 74 


Anomalies. See Abnormalities. 


Antibiotics, 


dosage ranges, table, May, 


408 


Antistreptolysin O titer in diagnosis of 


Anus, atresia, 


theumatic fever, Feb., 26 
in newborn, 


May, 318 


Aorta, ascending, atresia or marked hypo- 


503 


plasia, with or without mitral atresia 
or stenosis, diagnosis, Feb., 
coarctation, and a ductus arteri- 
osus, pathology, 
aortography in, Feb., “90 


7 
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Aorta, coarctation, catheterization in, 
Feb 


diagnosis, Feb., 120, 174 
and management, Feb., 173-180 
electrocardiogram in differential di- 
agnosis, Feb., 65 
pathology, Feb., 16 
\ortagram, technique, Feb., 75 
Aortic arch, anomalies, and treatment, 
Feb., 181-195 
diagnosis, Feb., 187 
prognosis, Feb., 191 
Aortic septum, defect of, pathology, Feb., 
17 


Aortic sinus, aneurysm of, pathology, 
Feb., 19 
Aortic valve, atresia, pathology, Feb., 
0 
murmurs, Feb., 9 
stenosis, diagnosis, Feb., 122 
pathology, Feb., 19 
fistula, pathology, 


Aorticopulmonary 
Feb., 17 
Aortography, Feb., 88 
Appetite in celiac syndrome and muco- 
viscidosis, May, 396 
Appearance, general, in 
May, 486 
Arrhythmias, cardiac, Feb., 215-234 
complicating cardiac surgery, Feb., 
153 
extrasystoles, Feb., 258 
in diagnosis of rheumatic fever, Feb., 
a 
- > i 
Arteries, coronary, anomalous origin from 
pulmonary artery, diagnosis, Feb., 


poliomyelitis, 


left, ~ aberrant, originating from pul- 
monary artery, Feb., 236, 237 
anomalous origin, electrocardio- 
graphic patterns, Feb., 61, 
62 
from pulmonary | ee pa- 
thology, Feb., 
Aspirin. See Acid, diode 
Ataxia, Friedreich’s, Feb., 260 
Atrial septum, defect of, and intact ven- 
tricular septum, with pulmo- 
nary valvular stenosis, pathol- 
ogy, Feb, 33 


and mitral stenosis, pathology, 
Feb., 
diagnosis, Feb., 124 
lower, defect of, and deformity of 


atrioventricular valves, pathology, 
Feb., 28 
Atrioventricular canal, common, 
ent, pathology, Feb., 28 
Atrioventricular valves, deformity of, and 
defect of — atrial septum, pathol- 
ogy, Feb., 28 
Atrioventricularis communis, angiocardio- 
graphy in, Feb., 86 
Atrium, left, anomalous connection with 
persistent left superior vena cava, pa- 
thology, Feb., 48 


persist- 


Atrium, left, communication with coro- 
nary sinus, pathology, Feb., 29 
Auricle, left, enlargement of, fluoroscopic 
and roentgenographic findings, Feb., 
137 


right, enlargement of, fluoroscopic and 
roentgenographic findings, Feb., 136 
Auricular fibrillation, Feb., 219 
Auricular flutter, Feb., 219, 222 
Auricular septum, defects of, angiocardi- 
ography in, Feb., 88 
murmurs, Feb 
Auriculoventricular 
block, Feb., 218 
Auscultation in diagnosis of heart disease, 
Feb., 8 
Authority, emotional need of children for, 
May, 459 


dissociation without 


BCG. See Tuberculosis, immunization. 
Bedpans, care and use for poliomyelitis 
patients, May, 489 
Behavior problems, basic references, May, 
9 


conferences with the child, May, 


455 

conferences with teachers and 
others, May, 455 

evaluation, basic information, May, 


57 
scope of, May, 456 
examination of child, May, 454 
first conference, arranging, May, 450 
circumstances, May, 451 
initial contact with problem, May, 


practical approach to, May, 447-466 
summing up the problem, May, 456 
tests and laboratory procedures, 


May, 454 
treatment, general approach, May, 
456 


Bicillin in theumatic fev er, recurrent, pro- 
phylaxis, Feb., 273 
Blood, circulation, collapse, and severe 
acidosis with rapid response to 
therapy, May, 344 
venous, pulmonary, impaired, pathol- 
ogy, Feb., 22 
flow. See Blood, circulation. 
plasma in diarrhea in infancy, May, 340 
sedimentation rate in diagnosis of rheu- 
matic fever, Feb., 260 
transfusion, exchange, equipment for, 
May, 296 
general considerations, May, 300 
in erythroblastosis fetalis, May, 
295 
indications, May, 294 
place and personnel, May, 296 
postexchange care, May, 299 
technique, May, 297 
history, in hemolytic disease of new- 
born, May, 289 
in erythroblastosis fetalis, effects of, 
May, 294 








Blood, type, in hemolytic disease of new- 
born, May, 28° 
whole, in diarrhea in infancy, May, 
340 
Blood vessels, transposition, angiocardiog- 
raphy in, Feb., 81 
complete, diagnosis, Feb., 141 
pathology, Feb., 42 
surgical treatment, Feb., 210 


vascular ring in newborn, May, 307 
Braces in poliomyelitis, adjustment of, 
May, 500 
Bradycardia, sinus, Feb., 215, 218 
Breasts, development ‘in adolescence, 
May, 475 
CARDIO-ESOPHAGEAI relaxation. See 


Esophagus, chalasia. 
Cardiovascular anomalies, congenital, cy- 


anotic, surgical treatment, 
Feb., 197-213 
with decreased pulmonary 


blood flow, Feb., 200 
with normal or increased pul- 


monary blood flow, Feb., 
210 
Cardiovascular diseases, symposium on, 
Feb., 1-274 
Catheterization, cardiac, clinical, Feb., 
93-113 
Celiac crises, May, 397 
Celiac syndrome, May, 389 
and mucoviscidosis, May, 389-403 
bacteriologic studies, May, 400 
clinical variants, May, 402 


diagnosis, May, 390 

differential diagnosis, May, 392 
laboratory investigation, May, 398 
onset, age at, May, 395 


prognosis, May, 402 
symptoms and signs, May, 395 
treatment, May, 401 
Chalasia of esophagus in new born, May, 
30 
Chemotherapy, agents, dosage ranges, 
table, May, 408 
Chest. See Thorax. 


Childhood, anemias of, May, 367-388 

Chloramphenicol in meningitis, May, 
413 

Chloromycetin. See Chloramphenicol. 

Chorea, fidgets and tics, Feb., 259 
Sydenham’s, Feb., 259 

Clinical advances, symposium on, 
281-481 

Coarctation of aorta. See under Aorta. 

Colon, achalasia. See Megacolon, congen- 
ital. 

Cooley’s anemia. See Thalassemia. 

Cooling of body for cardiac surgery, Feb., 
154 

Cor biloculare, pathology, Feb., 38 

Cor triatriatum, pathology, Feb., 27 

on oe biatriatum, pathology, 
"eb., 


May, 
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Corticosteroids, physiology, in newborn, 
May, 322 
Cortisone 
in infectious diseases, May, 419 
in rheumatic fever, acute, Feb., 269 
Cyanosis, in diagnosis of heart disease, 
Feb., 4, 6 
of cardiac origin, Feb., 132 
persistent, in congenital heart disease, 
pathology, Feb., 32 
with absent right ventricle or no right 
ventricular hypertrophy, Feb., 46 


DEBD. See Dipenicillin G. 

Deficiencies, secondary, in mucovisci- 
dosis and celiac syndrome, May, 397 

Development, osseous, May, 472 


Diabetes mellitus as cause of growth 
failure, May, 
Diagnosis 
and management of coarctation of 
aorta, Feb., 173-180 
clinical, of cyanotic congenital mal- 


formations of heart, Feb., 131-146 
of congenital cardiovascular malforma- 
tions unaccompanied by cyanosis, 
Feb., 115-130 
Diarrhea 
and septicemia in infant, May, 344 
effect of water without sodium salts, 


May, 347 
in infancy, treatment, May, 335-348 
antibacterial, May, 335 


emergency, May, 340 
maintenance, May, 341 
principles of, May, 338 
specific plan of, May, 340 
treatment of physiologic disturb- 
ances, May, 336 
a = iron deficiency anemia, May, 
Digifolin in supraventricular paroxysmal 
tachycardia, Feb., 225 
Digitoxin in supraventricular paroxysmal 
tachycardia, Feb., 
Dipenicillin G in ecptancenl infections, 
May, 411 
Diphtheria, immunization, May, 351 
booster or recall, May, 360 
primary, May, 360 


“a with immune substances, 
416 
Densisatinis as cause of behavior prob- 
lems, May, 461 


Ductus arteriosus, patent, and coarcta- 
tion of aorta, pathology, Feb., 
17 R 
angiocardiography in, Feb., 86 
aortography in, Feb., 88 


— catheterization in, Feb., 
diagnosis, Feb., 116, 159 
murmurs, Feb., 10 
pathology, Feb., 1 

surgical, Feb., 159- 


treatment, 
171 
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with pulmo- 
39 


Ductus arteriosus, patent, 
nary hypertension, pathology, Feb., 3 
Dwarfism, pituitary, May, 441 


Ears, eyes and hands in diagnosis of 
heart disease, Feb., 3-12 

Eating and cooking utensils for polio- 
myelitis patients, care of, May, +90 


Ebstein’s disease. See Tricuspid valve. 
Edema, pulmonary, in _ poliomyelitis, 
492 
mechanical aids for, May, 495 


treatment, May, 493 
Eisenmenger complex, angio ardiography 
in, Feb., 


diagnosis, Feb., 142 
pathology, Feb., 36 


> 


surgical treatment, Feb., 212 
Electrocardiogram. See Heart, electro- 
cardiography. 


Emotional needs of children, May, 457 
Endocrine glands, diseases, as cause of 
retarded growth, May, 441 


influences on growth and develop- 
ment, May, 468 
Erythema annulare in 
Feb., 6, 251 
E rvthroblastosis fetalis. 
disease of newborn. 
Erythrocytes, normal values in 
and children, May, 367 
Erythrogenesis imperfecta. 


rheumatic fever, 
See Hemolytic 
infants 


See Anemia, 


hypoplastic, congenital. 
Esophagus, atresia, in newborn, May, 
304 
complications, May, 307 
treatment, May, 306 
chalasia, in newborn, May, 307 
stenosis, in newborn, May, 307 
Examination, physical. See Physical ex 


amination 
Exposure as factor in poliomyclitis, May, 

487 
Extrasystoles. 
Eves, hands 

heart disease, 


See Arrhythmias 
and ears in diagnosis of 


Feb., 3-12 


FALLOT, tetralogy Ra angiocardiography 
in, Feb., 
cardiac po rization in, Feb., 103 
diagnosis, Feb., 138 
pathology, Feb., 34 
surgical treatment, Feb., 204 


Family history in differential diagnosis 
of mucoviscidosis and celiac syndrome, 
May, 392 

Feces in celiac syndrome and muco- 
viscidosis, May, 396 

Fever in diagnosis of rheumatic fever, 


Feb., 253 
Fibroelastosis, congenital, electrocardio 
graphic patterns, Feb., 63 
endocardial, Feb., 22, 243 


pathology, Feb., 244 
symptoms, signs and _ laboratory 
findings, Feb., 244 








Fibroelastosis, endocardial, treatment, 
Feb., 244 
endomyocardial, Feb., 22 
Fidgets, tics and chorea, aie. 259 


Fistula, - riovenous, pulmonary, pathol- 
ogy, Feb., 49 
tracheo-esophageal, without atresia, in 
newborn, May, 307 
Foramen ovale, patent, with pulmonary 
valvular stenosis, angiocardiog- 
raphy in, Feb., 80 


premature closure, pathology, Feb., 
30 
Friction rub. See under Heart. 
Friedreich's ataxia, Feb., 260 
Gamma globulin. See Globulin. 
Gantrisin in meningitis, May, 413, 414 


Garbage. See Refuse. 
Gastrointestinal tract, congenital anoma 
lies as cause of retarded growth, 


May, 440 
duplications, in newborn, May, 313 
treatment, May, 314 
Genitalia, external, development in 


adolescence, May, 475 
Globulin, gamma, for poliomyelitis, May, 
501 


in infectious hepatitis immuniza- 
tion, reactions to, May, 358 
Glucose in diarrhea in infancy, May, 340 


Glycogen storage disease, Feb., 239 
diagnosis, Feb., 124 
electrocardiographic patterns 

Feb., 62 
treatment, Feb., 242 


Gowns for care of poliomyelitis patients, 
May, 489 

Growth 
and development, endocrine influences 


on, May, 468 
failure, May, 433-446 
diagnosis, May, 445 
determining validity of, May, 
433 
in adolescence, May, 480 
treatment, May, 445 
physical, May, 469 
retarded, causes, May, 437 
Hair spasms, Feb., 260 
May, 


Hair, development in adolescence, 
474 


ears and eyes in diagnosis of 


Feb., 3-12 


Hands, 
heart disease, 


Handwashing techniques for care of po- 
liomyelitis patients, May, 490 
Heart, 


anomalies, 
diagnosis, Feb., 


congenital, acyanotic, 
115-130 


as cause of retarded growth, May, 
440 

cyanotic, diagnosis, Feb., 131- 

cvanotic forms associated with 


right ventricular hypertrophy, 
pathology, Feb., 33 











Heart, anomalies, congenital, electrocar- 
diogram in, Feb., 51-71 
explored, Feb., 148 


block, Feb., 231 
\dams-Stokes attack, Feb., 233 
auriculoventricular, Feb., 231 

congenital, Feb., 232 
sino-auricular, Feb., 231 
catheterization, clinical, in infants and 
children, Feb., 93-113 
disease, acyanotic, pathology, Feb., 
clinical studies, value of, Feb., 12 
congenital, electrocardiogram in dif 
ferential diagnosis, F’eb., 64 
pathology, Feb., 13-49 
P wave contour in, Feb., 64 
— persistent, pathology, Feb., 


with decreased pulmonary mark- 
ings, electrocardiogram in dif 
ferential diagnosis, Feb., 66 
diagnosis, auscultation, Feb., 8 
eyes, hands and ears in, Feb., 3- 
history, Feb., 3 
inspection, Feb., 5 
palpation, Feb., 6 
»yercussion, Feb., 7 
physical examination, 5 
electrocardiography, in congenital mal- 
a Feb., 51-71 
1 diagnosis of cyanotic congenital 
” aaah, Feb., 137 
1 differential diagnosis of congeni 
"tal heart disease, Feb., 64 
normal, Feb., 52 
fluoroscopic and roentgenographic ex- 
aminations, Feb., 135 
friction rub, Feb., 10 


glycogen storage disease. See under 
Glycogen. 
hypertrophy, Feb., 134 
diagnosis, Feb., 12 
electrocardiographic patterns, Feb., 
60 
idiopathic, electrocardiographic pat 


terns, Feb., 59 

in infancy, Feb., 
murmurs, Feb., 
congenital, Feb., 10 

functional, Feb., 8, 254 


235-250 


in diagnosis of rheumatic fever, 
Feb., 254 

organic, Feb., 8, 256 

significance, Feb., 134 


position, anomalies of, electrocardio- 
graphic patterns, Feb., 68 

thabdomyoma, congenital. See 

Rhabdomyoma. 
strain, combined, meni 
patterns, Feb., 63 

electrocardiographic patterns, adap- 
tation type, Feb., 52, 55 

barrage type, Feb., 52. 55, 57 
surcharge type, Feb., 52, 56 


under 
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Heart strain, left, «need 
patterns, Feb., 5 
right, ebiaaalieatih patterns, 
Feb., 52 
surgery, anesthesia for, Feb., 147-157 


vascular markings, Feb., 135 
Heat moist, for poliomyelitis patients, 
May, 490 
Hemoglobin, 
and children, 

Hemolytic disease of newborn, 
283-302, 388 

clinical manifestations, May, 285 

complications, May, 287 
conditions simulating, May, 288 


normal values in infants 
May, 36 
May, 


differential diagnosis, May, 287 

laboratory findings, May, 285 

pathogenesis, May, 284 

prognosis, May, 287 

treatment, May, 289 
Hemorrhage, adrenal, in newborn, May, 


33] 


Hepatitis, infectious, immunization, 
May, 356 


reactions, May, 358 


Heredity as cause of retarded growth, 
May, 437 

Hermia, inguinal, incarcerated, in new- 
born, May, 315 

Hirschsprung’s disease. See Megacolon, 
congenital. 

History in diagnosis of heart disease, 
Feb., 3 

Hormones 
in infectious diseases, May, 419 
salt and water, in newborm, May, 326 


celiac syndrome and 
May, 397 
cause of 


Hydrolability in 
mucoviscidosis, 
Hygiene, poor, as 
growth, May, 444 
Hyperosmolarity 
in infants, treatment, May, 343 
with edema and hypocalcemia, 
346 
Hypertension, pulmonary, secondary to 
increased pulmonary flow, diagno- 
sis, Feb., 129 
with patent ductus 
thology, Feb., 39 
Hypertrophy. See Heart; Ventricle. 
Hypothyroidism as cause of growth fail- 


ure, May, 441 


retarded 


May, 


arteriosus, pa- 


ILEus, meconium. See Meconium ileus. 
yy as cause of retarded growth, 
, 438 
‘om substances in treatment of 
fectious diseases, May, 416 
Immunization, May, 349-365 
general considerations, May, 358 
procedures, combined, recommended, 
May, 359 
program for infants, May, 360 
reactions, May, 357 
Independence, emotional 
dren for, May, 459 


need of chil- 
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Individual, acceptance as, emotional need 
of children for, May, 458 


Infancy, anemias of, May, 367-388. See 
also Anemias. 
diarrhea in, treatment, May, 335- 


348. See also Diarrhea. 


megaloblastic anemia of, May, 379 
Infants, immunization program, table, 
May, 360 


newborn. See Newborn. 
Infection as cause of retarded growth, 


May, 443 
Infectious diseases, causative agents, 
table, May, 409 
efficacy of therapeutic agents, table, 
May, 406 


treatment, specific, May, 405-420 
Infundibular aaa punch valvulotomy 
for, Feb., 
Inspection in + of heart disease, 


Feb., 5 
in newborn, May, 312 


Intestines, atresia, 
obstructive lesions, in newborn infant, 
312 


May, 303-320 
stenosis, in newborn, May, 
Intussusception in newborn, May, 315 
treatment, May, 316 
Iron deficiency anemia. See Anemia. 


Isonicotinic acid hydrazide in tubercu- 
lous meningitis, May, 415 


Joint pains in diagnosis of heart dis- 
ease, Feb., 5 


KernicTerus, May, 288 

17-Ketosteroids, physiology, 
May, 325 

Kidneys, congenital anomalies as cause 
of retarded growth, May, 440 


in newborn, 


Levukocyrtosis in diagnosis of rheumatic 


fever, Feb., 260 
Linen, care of, for poliomyelitis patients, 
May, 490 


Liver, congenital anomalies as cause of 
retarded growth, May, 440 

Love, lack of, as cause of behavior prob- 
lems, May, 459 

Lungs, congenital anomalies as cause of 
retarded growth, May, 440 

Lutembacher syndrome, Feb., 27, 28 


MALForMATIONS. See Abnormalities. 
Malignancy as cause of retarded growth, 
May, 444 
Malnutrition, emotional, as cause of re- 
tarded growth, May, 443 
maternal, as cause of retarded growth, 
May, 438 
physical, as cause of retarded growth, 
May, 442 
Meconium ileus 
in mucoviscidosis, 
in newborn, May, 
Mediterranean anemia. 


May, 398 
314 


See Thalassemia. 











Megacolon, congenital, in newborn, May, 


316 
treatment, May, 317 
Meningitis, bacterial, etiology undeter- 
mined,‘treatment, May, 413 
E. coli, treatment, May, 413 
H. influenzae, treatment, May, 413 
meningococcal, treatment, May, 414 


pneumococcal, treatment, May, 414 
purulent, treatment, May, 41] 
tuberculous, treatment, May, 414 
Menstruation and menstrual disorders in 
adolescence, May, 476 
Metabolism, errors of, inborn, 
of retarded growth, May, 442 
Midgut, malrotation, in newborn, May, 
310 
treatment, May, 311 
Mitral valve, accessory tissue, pathology, 
Feb., 25 
atresia, pathology, Feb., 40 
diastolic rumble, Feb., 9 
insufficiency, pathology, Feb., 24 
murmurs, Feb., 8 
presystolic, ‘ey 9 
systolic, Feb., 


as Cause 


stenosis, and “trial i defect, 
pathology, Feb., 2 
pathology, Feb., 25° 
Morphine sulfate, eee use in 
cardiac surgery, Feb., 


Mucoviscidosis 


and celiac syndrome, May, 389-403 
bacteriologic studies, May, 400 
clinical variants, May, 402 


diagnosis, May, 392 
differential diagnosis, May, 392 
laboratory investigation, May, 398 
onset, age at, May, 395 

prognosis, May, 402 

symptoms and signs, May, 395 
treatment, May, 401 


with partial pancreatic insufficiency, 
May, 399 
Mumps, immunization, May, 357 
Murmurs, cardiac. a under Heart. 
Myocarditis, Feb., 
isolated, diagnosis., Feb. 124 
pathology, Feb., 246 


symptoms, signs and laboratory find- 
ings, Feb., 246 - 
treatment, Feb., 24 


Nerves, cranial, in poliomyelitis, May, 
486 
Nervous system, central, congenital 


anomalies as cause of retarded growth, 
May, 439 
Newborn, adrenal physiology, May, 321- 
4 


hemolytic disease of. See Hemolytic 
disease. 

obstructive lesions of intestinal tract 
in, May, 303-320 


Nodules, rheumatic, in rheumatic fever, 


Feb., 252 

















Nutrition, disturbances of, in muco- 
viscidosis and celiac syndrome, May, 
396 
problems, in adolescence, May, 478 


Osesity in adolescence, May, 479 

Ostium, infundibular, stenosis of, pathol- 
ogy, Feb., 31 

Otitis media, treatment, May, 409 

Ovarian agenesis as cause of growth fail- 
ure, May, 441 

Overprotection as cause 
problems, May, 460 


of behavior 


P.A.S. See Acid, para-aminosalicylic. 
P wave contour in congenital heart dis- 
ease, Feb., 63 
Pacemaker, wandering, Feb., 215, 218 
Pains, joint, in diagnosis of heart dis- 
ease, Feb., 5 
leg, in diagnosis of rheumatic fever, 
Feb., 253 
Palpation in diagnosis of heart disease, 
Feb., 6 
Parents, attitudes toward children, May, 
459 
Pathology, functional, of congenital car- 
diac disease, Feb., 13-49 
Penicillin 
in meningitis, May, 413, 414 
in rheumatic me. recurrent, prophy- 
laxis, Feb., 27 
in streptococcal inftions, May, 411 
—— in diagnosis of heart disease, 
eb., 7 
Pericardial cavity, exploration, Feb., 199 
Pericardium, defects of, pathology, Feb., 
30 
Peritoneal bands in newborn, May, 310 
treatment, May, 311 
Pertussis, immunization, May, 353, 361 
passive, May, 361 


reactions, May, 358 
results, table, May, 355 
treatment with immune substances, 
ay, 417 
Physical examination in diagnosis of 


heart disease, Feb., 5 
Plasma. See Blood. 
Pleural cavity, exploration, Feb., 199 
Poisoning, accidental, May, 426 
Poliomyelitis, 1954, May, 483-501 
abortive, symptoms, May, 484 
after-care, May, 499 
objective, May, 500 
bulbar, May, 485 
danger signals in respirator, May, 
496 
treatment, May, 491 
bulbospinal, May, 486 
case reporting, May, 488 
cerebrospinal fluid findings, May, 487 
clinical manifestations, May, 486 
communicability, May, 484 
control, May, 488 
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Poliomyelitis, criteria for discharge of pa- 

tient, May, 499 

definition, May, 483 

diagnosis, May, 484 

epidemiology, May, 484 

equipment, essential, May, 489 

follow-up services, May, 499 

history in case finding, May, 487 

home care, May, 488 

hospitalization, May, 488 
period of, May, 499 

immunity, May, 484 

incubation period, May, 483 

isolation of patients, May, 488 

isolation units, May, 489 

mechanical aids in, May, 494 

nonparalytic, symptoms, May, 

occupational therapy, May, 499 

paralytic, classifications, May, 485 
symptoms, May, 485 

patient care service, planning for, May, 
499 


485 


patient care techniques, te 489 
physical therapy, May, 
position of patient, May, ™490 
prevention, May, 500 
quarantine, May, 488 
sources of infection, May, 483 
spinal, May, 485 
susceptibility, May, 484 
transmission, May, 484 
treatment, May, 488 

Potbelly in celiac syndrome and muco- 
viscidosis, May, 396 

Precordial distress, Feb., 258 

Prematurity as cause of retarded growth, 
May, 438 

Premedication for cardiac surgery, Feb., 

9 

Promizole in tuberculous meningitis, 
May, 415 

Prostigmin in paroxysmal tachycardia, 
‘eb., 227 


Pseudotruncus communis, diagnosis, 
Feb., 140 
Psychic disturbances in mucoviscidosis 


and celiac syndrome, May, 397 


Pulmonary valve, atresia, with intact 
ventricular septum, pathology, 
Feb., 42 


stenosis, cardiac catheterization in, 
Feb., 104 
diagnosis, Feb., 128 
isolated, pathology, Feb., 30 
murmurs, Feb., 11 
, angiocardiography in, Feb., 


syndromes resulting from, Feb., 
105 


05 

with cyanosis, surgical treatment, 
Feb., 200 

with intact ventricular septum 
and atrial — defect, path- 
ology, Feb., 33 

with interauricular communica- 


tion, diagnosis, Feb., 
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stenosis, with patent 
angiocardiogra- 


Pulmonary valve, 
foramen ovale, 
phy in, Feb., 80 

with poststenotic dilatation of 
pulmonary artery, interatrial 
septal defect and infundibular 
valvelike stenosis, surgical 
treatment, Feb., 204 

with reopening of foramen ovale 
or atrial septal defects, surgi- 
cal treatment, Feb., 200 


Punch valvulotomy for infundibular 
stenosis, Feb., 208 
Pylorus, stenosis, in newborn, May, 308 
diagnosis, May, 310 
etiology, May, 309 


May, 310 


treatment, 


QUINIDINI 
in supraventricular paroxysmal tachy- 
cardia, prophylactic, Feb., 227 
sulfate in ventricular paroxysmal 
tachycardia, Feb., 227, 22 
Race as cause of retarded growth, May, 
438 
Recognition, emotional need of children 
for, May, 458 


Rectum, prolapse, in mucoviscidosis, 
May, 396 

Refuse, disposal, in poliomyelitis, May, 
490 

Rejection as cause of behavior prob- 
lems, May, 460 


Respiration 
in poliomyelitis, May, 486 
labored, in diagnosis of heart disease, 
Feb. 
muscles of, paralysis of, in poliomye- 
litis, May, 491 
danger signals in 
May, 496 
mechanical aids for, May, 494 
treatment, May, 492, 493 
Respirator, cuirass, May, 49 
mechanical failure, ] May, 495 
rates and pressure, May, 496 
tank, mechanics of, May, 495 
weaning of patient from, May, 497 
precautions, May, 498 
Respiratory tract, diseases, acute, treat- 
ment, May, 405 
disturbances in mucoviscidosis, May, 


May, 


respirator, 


> 
obstructed, in poliomyelitis, 
492 


effect on respirator action, May, 
495 


5 
mechanical aids for, May, 494 
treatment, May, 493 
Rh factor, type, in hemolytic disease of 
newborn, May, 289, 2 
Rhabdomyoma, congenital, Feb., 242 
a: aneneaaan patterns, Feb., 
> 


Rheumatic fever, acute, treatment, Feb., 
268 

diagnosis, Feb., 251-263 

recurrent, prevention of, Feb., 273 

treatment and prevention, Feb., 


265-274 
Rocking bed, principle of, May, 498 


Satt and water hormone in newborn, 


May, 326 


Sclerosis, endocardial, diagnosis, Feb., 
5 
pathology, Feb., 22 
Scopolamine a preopera- 
tive use in cardiac surgery, Feb., 151 


Security, emotional need of children for, 
May, 458 

Self-respect, emotional need of children 
for, May, 458 

Septal _— electrocardiogram in dif- 
ferential diagnosis, Feb., 65 


Septicemia and diarrhea in an infant, 
May, 344 

Sex as cause of retarded growth, May, 
437 

Sex characters, secondary, development, 
May, 474 

Sex organs, development, May, +74 

Shunt operations 

for cardiovascular anomalies, Feb., 


208 
for tetralogy of Fallot, Feb., 204 
Sickle cell disease, May, 386 
Sickle cell trait, May, 386 


Sinus, coronary, communication with 
left atrium, pathology, Feb., 29 
Sinus arrhythmia, Feb., 215, 218 
Sinus bradycardia, Feb., 215, 218 
Sinus tachycardia, Feb., 215, 218, 257 
Smallpox, immunization, May, 350 


material and technique, May, 361 
reactions, May, 358 
1,2,3 Solution in diarrhea in infancy, 
May, 
Solutions for parenteral administration, 
May, 339 
Spasms, habit, Feb., 260 
Spells in diagnosis of heart disease, Feb., 


Spherocytosis, hereditary, May, 383 
— infections, treatment, May, 


Streptomycin in tuberculous meningitis, 
May, 415 
Subaortic — stenosis, diagnosis, Feb., 


pathology, Feb., 19 
Sulfadiazine 
in meningitis, May, 413, 414 
in rheumatic fever, recurrent, prophy- 
laxis, Feb., 273 


Surgery, cardiac, anesthesia for, Feb., 
147-157 
postoperative = and complica- 
tions, Feb., 


preoperative  cameentiein Feb., 149 


Sydenham’s chorea, Feb., 259 __ 
Syndrome, Lutembacher, Feb., 27, 28 
Systoles, premature, Feb., 219 


TacuycarpiA, paroxysmal, Feb., 222, 
258 
in young infants, Feb., 228 
repetitive, Feb., 229 
treatment, Feb, 225 
sinus, Feb., 215, 218, 257 
Taussig-Bing heart, angiocardiography in, 
Feb., 82 
diagnosis, Feb., 143 
‘Taussig-Bing complex, pathology, Feb., 
39 
l'aussig-Bing syndrome, surgical _ treat- 
ment, Feb., 212 
l'etanus, immunization, active, May, 352 
booster or recall, May, 361 
passive, May, 361 
primary, May, 360 
reactions, May, 357 
treatment with immune substances, 


May, 417 
Tetralogy of Fallot. See under Fallot. 
Thalassemia, May, 385 


Thalassemia major, May, 385 
Thalassemia minor, May, 385 
Thorax, drainage, Feb., 199 


Thrill in diagnosis of heart disease, Feb., 
Throat, sore, diagnosis of heart dis- 
ease, Feb., 5 
Tics, Feb., 260 
chorea and fidgets, Feb., 259 
Tracheo-esophageal fistula without atre- 
sia, May, 307 
I'rauma, multiple, as cause of retarded 
growth, May, 444 
Traumatic factors in poliomyelitis, May, 
487 
Tricuspid valve, atresia, angiocardiogra- 
phy in, Feb., 83, 85 
diagnosis, Feb., 139 
pathology, Feb., 46 


surgical treatment, Feb., 207 
with complete transposition of 
great vessels, diagnosis, Feb., 
143 
murmurs, Feb., 9 
stenosis, diagnosis, Feb., 139 
with complete transposition of 
great vessels, diagnosis, Feb., 
143 
with interauricular communication 


(cyanotic type), diagnosis, Feb., 
140 
Truncus arteriosus communis, diagnosis, 
Feb., 142 
persistent, angiocardiography in, 
“eb., 85 
pathology, Feb., 37 
surgical treatment, Feb., 212 
Tuberculosis, immunization, May, 356 
reactions to BCG, May, 358 
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Typhoid fever, immunization, May, 355, 
362 


reactions, May, 358 


May, 480 


UNDERWEIGHT in adolescence, 


VACCINATION, smallpox. See Smallpox, 
immunization. 


Vaccines, alum-precipitated or aluminum 


hydroxide adsorbed, May, 357 
for poliomyelitis, May, 500 
Vaccinia infections, treatment with im- 
mune substances, May, 418 


Valvulotomy 
for pulmonary valvular stenosis, 
201 
for tetralogy of Fallot, Feb., 
punch, for infundibular stenosis, Feb., 


Feb., 


208 
Vascular ring, Feb., 183 
Veins, pulmonary, anomalous entrance 
into right auricle, venae cavae or 
coronary sinus, diagnosis, Feb., 
44 
partial anomalous connection, pa- 
thology, Feb., 29 
partial anomalous drainage, diag- 


nosis, Feb., 
total wo dasew: Me connection, pathol- 
ogy, Feb., 

Vena cava, superior, left, persistent, 
anomalous connection with left atri- 
um, pathology, Feb., 48 

Ventricle(s), common ejectile force for 


systemic and pulmonary circula- 
lations, pathology, Feb., 33 
left, failure of, pathology, Feb., 14 


hypertrophy of, electrocardiographic 
patterns, Feb., 137 
fluoroscopic and +." wie 
findings, Feb., 136 
increased work of, conditions caus- 
ing, Feb., 116 
right, absent, with cyanosis, pathology, 
Feb., 46 
hypertrophy, —_ electrocardiographic 
patterns, Feb., 138 
fluoroscopic and Toentgenographic 
findings, Feb., 135 
increased a of, conditions caus- 


ing, Feb., 
nonfunctioning surgical treatment, 

Feb., 2 
single, 5 in, Feb., 


with hypoplastic pulmonary artery, 
diagnosis, Feb., 141 
with normal-sized or dilated pul- 


monary artery, diagnosis, Feb., 
144 
without pulmonary stenosis, surgi- 


cal treatment, Feb., 213 
Ventricular septum, — of, angiocardi- 
ography in, Feb., 
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Ventricular septum, defect of, diagnosis, 
"eb., 9 
in muscular portion, diagnosis, 


Feb., 12 
pathology, Feb., 14 
intact, and atrial septal defect, with 
pulmonary valvular _ stenosis, 
pathology, Feb., 33 
with pulmonary valvular atresia, 
pathology, Feb., 42 
murmurs, Feb., 10 


Volvulus in newborn, May, 310 
treatment, May, 311 


Water deficit and hyperosmolarity com- 
plicated by convulsions, May, 346 
Weight in celiac syndrome and muco- 

viscidosis, May, 396 
Wilson phenomenon, Feb., 52 
Wolff-Parkinson-White syndrome, Feb., 


230 








